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DESCRI PTI ON

H GLY ACTI VE AND SELECTI VE ETHYLENE
QLI GOVER ZATI ON CATALYST AND METHCD O PREPARI NG
HEXENE CR OCTENE USI NG THE SAME

Technical Field

The present invention relates to a highly active and
selective ethylene oligonerization catalyst for wuse in
ethylene oligomerization such as trimerization or
tetranerization and a nethod of preparing 1-hexene or 1-
octene using the same, and nore particularly to a chromum
conpl ex conpound for selective ethylene oligomerization
conprising a chrom um conpound and a chiral |igand having a
specific stereoisonmeric structure, to a chromum conpl ex
catal yst conposition for selective ethylene oligomnerization
conprising the chromum conplex conpound for selective
ethylene oligonerization and a co-catalyst such as
nmet hyl al um noxane (MAO, and to a nethod of preparing 1-
hexene or 1-octene at high activity and high selectivity

usi ng such a catal yst system

Background Art

1-hexene and 1l-octene, which are nononers or
conmononers for producing linear |owdensity polyethylene,
are an inportant industrial naterial wdely used in a

pol ynmeri zation process, and are obtained by purifying
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products resulting from oligonerizing ethylene. However ,
conventional ethylene oligonerization is inefficient in
terns of producing considerable anmounts of butene, higher
oligonmers, and polyethylene, as well as 1-hexene and 1-
oct ene. Such  conventi onal et hyl ene ol igomerization
techniques typically produce a variety of a-ol efins
depending on the Schulze-Flory or Poisson product
distribution, wundesirably obtaining desired products in
limted yield.

Recent research into the production of 1-hexene or 1-
octene by selectivity trimerizing or tetramerizing ethylene
using transition netal catalysis is ongoing, in which
al most the known transition netal catalysts are chromum
based catal ysts. International Patent Publication WD
02/ 04119 discloses an ethylene trinerization catalyst,
nanmely, a chromumbased catalyst wusing a ligand of
(RY(R)XY-XR)(R), in which X is phosphorus, arsenic or
antimony, Yis a linker such as -N(R®-, and at |east one of
R, R, R and R' has a polar substituent or an electron
donati ng substituent.

Another publication discloses the use of a (o-
et hyl phenyl ) .,PN( Me) P( o- et hyl phenyl ) , conpound in which at
|l east one of R, R, R and R* has no pol ar substituent, as a
ligand which does not exhibit catalytic activity for 1-
hexene under catalytic conditions (Antea Carter et al.,
Chem Commun., 2002, p. 858 - 859).

In addition, Korean Unexam ned Patent Publicati on No.
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2006- 0002741  discloses that superi or activity and
selectivity of ethylene trinerization are actually possible
using a PNP ligand contai ning a non-pol ar substituent at an
ortho-position of a phenyl ring attached to phosphorus,
such as (o-ethyl phenyl) ,PN( M) P( 0- et hyl phenyl ) ».

Al so, International Patent Publication WD 04/056479
di scl oses increasing selectivity in the production of 1-
octene by tetranerizing ethylene using a chrom um based
catal yst containing a PNP ligand having no substitutent on
a phenyl ring attached to phosphorus. As such, a
heteroatomc ligand used for an ethylene tetramerization
catalyst is exenplified by (phenyl) ,PNisopropyl)P(phenyl) ,
or the like

This conventional publication discloses that the
chromumbased catalyst containing a heteroatomc |igand
havi ng ni trogen and phosphorus heteroat ons enabl es et hyl ene
to be tetranerized even in the absence of a polar
substituent on the hydrocarbyl or heterohydrocarbyl group
bonded to the phosphorus atom thus producing 1l-octene at a
selectivity exceeding 70 mass%

However, the conventional techniques do not propose
definite exanples of the heteroatomcontaining |igand
structure which is capable of highly selectively
tetranerizing or trinerizing ethylene to produce 1-octene
or 1l-hexene. As well, these techniques propose only a PNP-
type backbone structure, such as (R (R)P-(R)NP(Rs)(Ry) as

a ligand having 1-octene selectivity of about 70 nass%
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Fur t her nor e, the forns  of substituents that are
substitutable in the heteroatomic ligands are limtedly
provi ded. Specifically, although the tetranerization
selectivity greatly depends on a bridge structure between a
P atom and another P atomin the |igand backbone structure,
the conventional techniques disclose that the catalyst is
defined as a highly selective catalyst so long as P atons
are respectively connected to both sides of the bridge
structure.

Aso, the conventional PNP type backbone |igands
having heteroatons are problenatic because in the
preparation of 1-octene or 1-hexene the reaction activity
is not uniformy naintained over time and the reaction rate
is renarkably decreased. This is considered to be because
the N atom of the ligand backbone structure nmay be easily
coordinated with the transition netal due to the presence
of an unshared electron pair thereof and thus nmay be
adapted for a ligand but nay be induced to easily
dissociate fromthe transition nmetal by neans of the P atom
having conparatively poor coordination perfornmance. The
publication discloses facilitating the PNP backbone |igand
to be converted from P-NP into N=P-P depending on the
synthesis conditions including the solvent and substituent
polarity (Dalton Trans., 2003, 2772).

Al so, another publication discloses that in the case
of a heteroatomcontaining PNP type backbone |igand, when

ethylene oligonerization is performed using a catalyst
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conpl ex already synthesized fromthe ligand and a chrom um
precursor, the reaction activity and selectivity are not

greatly changed conpared to when the ligand and the
chromum precursor are separately added (J. Am Chem Soc.,

2004, 126, 14712).

However, the aforenentioned publications disclose
only the very limted catalyst to actually prepare 1-hexene
and l-octene at high activity and high selectivity, in
which the activity thereof is low, resulting in confined
industrial applicability. In particular, the Kknown
catal ysts are probl emati c because the expensive co-catal yst
exenplified by nethylalumnoxane is used, nmaking it nore

difficult to achieve industrialization.

D scl osure
Techni cal Probl em

The present applicant has perforned the ethylene
ol i goneri zation under conditions of variously changing not
only the structure between P and P atons but also
substituents R, R, R, R of the P atons, in order to
overcome conventional catalyst stability problens disclosed
in Korean Patent Application No. 2007-0005688, and thus
revealed the fact that a chromumbased catalyst system
including a P-G G P backbone |igand without nitrogen may be
used to trimerize or tetramerize ethylene to thus produce
1-hexene or 1-octene at high selectivity, and al so that the

activity of the catalyst nmay be considerably stabilized
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over reaction tinmne so that the reaction rate is
continuously rmaintai ned. Furthernmore, the applicant has
found that when structures adjacent to the C atons between
two P atons in the P-G G P backbone |igand according to the
present invention are sterically changed, the activity and
selectivity of trimerization and tetramerization nay be
greatly enhanced.

However , in conventional techni ques, when the
transition netal and the P-GCGP backbone |ligand are
separately added to an ethylene oligonerization medium
l[imtations are inposed on enhancing the activity and
selectivity. The reason is that the carbon atom of the
backbone structure has no unshared electron pair and the
coordination direction of the transition netal is limted
due to the chiral carbon of the backbone structure around
the P atom functioning to donate electrons to the
transition netal, thus making it difficult to approach the
transition netal in the reaction nedium to form a
coordi nate bond. The P-G G P backbone structure has steric
and electronic effects in which when the transition neta
precursor and the P-G GP backbone ligand are separately
added to the ethylene oligonerization nedium as a catal yst
like the PNP ligand, the nunber of nolecules of the
transition netal precursor to be converted into catalytic
active sites is reduced unlike the PNP ligand, resulting in
lowered activity and selectivity wupon trimerization or

tetranerizati on of ethyl ene.
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In order to overconme the limtation of enhancing the
activity of the catalyst, the present applicant has
synthesi zed a substantially pure transition netal conplex
by reacting a chiral ligand having a P-GGCP backbone
structure with a transition metal precursor and then
introduced the synthesized transition metal conplex to an
ethylene oligonerization nedium and thus confirned that
the activity and selectivity of the catalyst are
drastically increased, thereby conpleting the present

i nventi on.

Techni cal Sol ution

Therefore, the present invention is intended to
provi de a hi ghl y active and sel ecti ve et hyl ene
ol i goneri zati on cat al yst for use in et hyl ene
oligonerization such as trimerization or tetramerization,
nanmely, a chromum conplex conpound for carrying out
selective ethylene oligonerization conprising a chiral
ligand having a P-GGP backbone structure and chromum
bonded with each other, and to provide a chrom um conpl ex
cat al yst conposi tion for sel ective et hyl ene
ol i goneri zation, conprising the chromum conpl ex conpound
for selective ethylene oligonerization and a co-catalyst
such as nethylal umnoxane (MAO, and also to provide a
met hod of preparing 1l-hexene or 1-octene at high activity
and high selectivity using such a catal yst system

Hereinafter, a detailed description wll be given of



t he present invention.

The present invention provides, as an ethylene

oligonerization <catalyst, a transition netal conplex

conmpound synt hesi zed by coordinating a chiral |igand having

5 a P-GGP backbone structure to a transition netal

transition metal precursor. Mre specifically, the present

invention provides a chromum conplex conpound

selective ethylene oligonerization including a chiral

ligand, as represented by Forrmula 1 or 2 bel ow

10 [ Formul a 1]

2
1

R
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R4
[ Formul a 2]
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[In Formula 1 or 2, R, R, R R, R, B, R and R®

15 are each i ndependent | y hydr ocar byl , substituted

hydr ocar byl , het er ohydr ocar byl , or substituted

het erohydrocarbyl ; R°, R, R'! and R? are each independent!y

hydrocar byl or substituted hydrocarbyl, or R® and R or
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and R? may be bonded with hydrocarbyl ene, substituted
hydr ocar byl ene, het er ohydr ocar byl ene or substituted
het erohydrocarbylene; X' to X° are each independently
hal ogen, -CR?, -OOOR? or -NRPR?, in which R®, R? R or
R* is hydrogen, hydrocarbyl or heterohydrocarbyl;: L is
hydr ocar bon or het erohydrocarbon; and * and ** are a chiral
carbon position and are each independently (S or (R
configuration.]

As such, hydrocarbyl or heterohydrocarbyl indicates a
radi cal having one bonding position derived from
hydrocarbon or het er ohydr ocar bon, and hydrocar byl ene
indicates a radical having two bonding positions derived
from hydrocarbon, in which the hetero means that carbon is
substituted by Q S, or N atom

In the chiral ligand according to the present
invention, the chiral carbons at the * and ** positions
have (R R, (RS, (SR, (S5 configuration pairs.

According to the present invention, the chromum
conpl ex conpound for selective ethylene oligonerization of
Formula 1 or Formula 2 includes a chiral ligand represented
by Formulas 3 to 8 bel ow

[ Formul a 3]




(R, (R - Chi raphos- nono Chr om um conpl ex

[ Formul a 4]

(S, (S -Chi raphos-nono Chr om um conpl ex
5 [ Formul a 5]

nmeso- Chi r aphos- nono Chr om um conpl ex

[ Formul a 6]
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[ Formul a 7]
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[ Formul a 8]
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P
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RS/ \R1U
5 nmeso- Chi r aphos- bi  Chr om um conpl ex

As such, the substituents of Fornulas 2 to 6 are
defined as in Fornulas 1 and 2.
The chrom um conpl ex conpound for selective ethyl ene
10 oligonerization of Formula 1 or 2 includes conpounds of
Formulas 9 to 14 below when R® and R or R" and R? are
bonded w th hydrocarbylene, substituted hydrocarbylene,
het er ohydr ocar byl ene or substituted heterohydrocarbyl ene.

[ Formul a 9]

11
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[ Formul a 11]
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[ Formul a 12]
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In Formulas 9 to 14, A is selected from anmong (Cl-
C5) al kyl ene and (Cl-C5)al kenyl ene, in which the alkylene
and al kenyl ene include, in the case of (C3-(5)alkyl ene and
(C3-)al kenylene, those formng a fused ring with a
structure to which (GC5-C7)cycloalkyl or (G-ClO)aryl is
adj acent .

The substituents R, R, R, R, R, R, R and R? of
the chiral ligand of the chromum conplex conpound for
sel ective ethylene oligonerization represented by Formulas
1 to 14 are each independently (G6-Q0)aryl, (C6-C20)ar(Cl-
Cl0) al kyl, (Cl1-Cl0)al kyl, (C2-C10)al kenyl, (C2-C10)al kynyl,
(C3-C7) cycl oal kyl het er o( C5- Q0) ar yl , het er o( C3-
Clycycloalkyl or -NR®R* in which R® or R* is (C-
ClO)al kyl, or (06-C20)aryl, and the substituents R! R, R,
R, R, B, R and R®® may be further substituted by one or
nore selected from anong (Cl-Cl10)al kyl, (CL-Cl10)al koxy,
(G6- Q20) aryl oxy and hal ogen.

Specifically, R, R, R, R, R, R, R and R of the
chiral ligand are each independently selected from the
group consisting of phenyl, naphthyl, nesityl, nethyl,
ethyl, ethylenyl, n-propyl, i-propyl, propenyl, propynyl,
n-butyl, t-butyl, cyclopropyl, cyclobutyl, cyclopentyl,
cycl ohexyl , 4- et hyl cycl ohexyl , 4- et hyl cycl ohexyl , 4-
i sopropyl cycl ohexyl, benzyl, tolyl, xylyl, 4-nethylphenyl,
4- et hyl phenyl , 4-i sopr opyl phenyl , 4-t - but yl phenyl , 4-
met hoxyphenyl , 4-i sopropoxyphenyl, cunyl, nethoxy, ethoxy,

phenoxy, t ol yl oxy, di met hyl am no, t hi onet hyl ,

14
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trinethylsilyl, dinmethyl hydrazyl, 2-methyl cycl ohexyl, 2-
et hyl cycl ohexyl, 2-isopropyl cycl ohexyl, o-nethyl phenyl, o-
et hyl phenyl , o- i sopr opyl phenyl , o-t - but yl phenyl o-
nmet hoxyphenyl , o-i sopropoxyphenyl, bi phenyl, naphthyl and
ant hracenyl, and preferably are each independently sel ected
from the group consisting of phenyl, benzyl, naphthyl, 4-
et hyl phenyl , 4- et hyl phenyl , 4- i sopr opyl phenyl , 4-t-
but yl phenyl , 4- met hoxyphenyl , 4- 1 sopr opoxyphenyl , 2-
et hyl cycl ohexyl , 2-ethyl cycl ohexyl, 2-isopropyl cycl ohexyl,
o- et hyl phenyl , o- et hyl phenyl , o- i sopr opyl phenyl , o-t-
but yl phenyl , o-met hoxyphenyl and o-i sopropoxyphenyl .

In the present invention, R’, R, R! and R which are
bonded with a chiral carbon of the chiral |igand contained
in the chromum conplex conpound for selective ethylene
oligonerization are each independently (G5-C0)aryl, (GC6-
C0) ar (C1- Cl0)al kyl, (Cl-C10)al kyl, (C2-Cl10)al kenyl, (C2-
Cl10) al kynyl , (C3-C7) cycl oal kyl het er o( CG5- Q0) aryl ,
het er o( C3- C7) cycl oal kyl , (Cl1-Cl10) al koxy, (G- Q0)aryl oxy,
am nocar bonyl, carbonyl amno, di (Cl-Cl0)al kylamno, (Cl-
ClO)al kylsilyl or (Gs-Q0)arylsilyl, and the substituents
R, R, R! and R nay be substituted by (Cl-ClO)al kyl, (Cl-
Cl10) al koxy, (C6-C20)aryloxy and hal ogen, and are preferably
selected from anong nethyl, ethyl, ethylenyl, n-propyl, i-
propyl, propenyl, propynyl, n-butyl, t-butyl, i-butyl,
phenyl, benzyl, tolyl, xylyl, methoxy, ethoxy, phenoxy,
nmet hyl am no, and di et hyl am no.

In the chromum conplex conpound for selective

15
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ethyl ene oligomerization, X! X2 X, X, X or X which is
coordinated to chromum nay be selected fromanong A, Br,
acet oacetyl and 2-ethyl hexanoyl, but the present invention
is not limted thereto.

In Formula 1, L which is coordinated to chrom um nay
be selected from anong tetrahydrofuran, diethylether,
tol uene, chl orobenzene, dichl orobenzene, acetyl acetone and
2- et hyl hexanone, and L is derived from solvents which can
be a medium for the reaction between the chiral |igand and
the chromumsalt.

Exanpl es of the chiral ligand of the chrom um conpl ex
conmpound for selective ethylene oligomerization according
to the present invention include the follow ng conpounds,

whi ch do not confine the present invention.

(S 9 -, (RR- or nmeso- ( phenyl ) oP-
CH et hyl ) CH et hyl ) - P( phenyl ) »,

(S'9-, (RR- or neso- ( 4- net hoxyphenyl ) ,P-
CH net hyl ) CH net hyl ) - P(4- met hoxyphenyl ) ,

(S'9-, (RR- or neso- ( 4- net hyl phenyl ) ,P-
CH et hyl ) CH net hyl ) - P(4- net hyl phenyl ) »,

(S'9-, (RR- or neso- ( 4- et hyl phenyl ) ,P-
CH et hyl ) CH( et hyl ) - P( phenyl ) »,

(S'9-, (RR- or neso- ( 4- et hyl phenyl ) ,P-
CH et hyl ) CH et hyl ) - P(4- et hyl phenyl ) ,,

(S'9-, (RR- or neso- ( 4- net hoxyphenyl ) ,P-
CH et hyl ) CH et hyl ) - P(phenyl) »,

(S'9-, (RR- or neso- ( 4- et hyl phenyl ) ,P-

16
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CH et hyl ) CH et hyl ) - P(4- et hyl phenyl) ,,
(S,9-, (RR- or meso-(phenyl) ,P-CH ethyl)CH ethyl)-

P(phenyl) 2,

(S'9-, (RR- or nmeso- ( phenyl ) oP-
CH(i sopr opyl ) CH et hyl ) - P( phenyl ) o,

(S'9-, (RR- or neso- ( 4- net hoxyphenyl ) ,P-
CH(i sopr opyl ) CH et hyl ) - P( 4- met hoxyphenyl ) ,,

(S 9 -, (RR- or nmeso- (4- et hyl phenyl ) ,P-
CH(i sopr opyl ) CH et hyl ) - P(4- et hyl phenyl ) ,,

(S9-, (RR- or meso- ( phenyl ) oP- CH(n-
propyl ) GH(met hyl ) - P(phenyl ) o,

(S9-, (RR- or nmeso- (4- nmet hoxyphenyl ) ,P- CH n-

propyl ) CH net hyl ) - P(4- net hoxyphenyl ) »,

(S'9-, (RR- or neso- 4( 4- et hyl phenyl ) ,P- CH n-
propyl ) CH net hyl ) - P(4- et hyl phenyl ) ,,

(S 9 -, (RR- or nmeso- ( phenyl ) oP-
CH(i sopr opyl ) CH et hyl ) - P(phenyl ) »,

(S'9-, (RR- or neso- ( 4- net hoxyphenyl ) ,P-
CH(i sopr opyl ) CH et hyl ) - P(4- met hoxyphenyl ) ,,

(S'9-, (RR- or neso- ( 4- et hyl phenyl ) ,P-
CH(i sopropyl ) CH et hyl ) - P(4- et hyl phenyl) o,

(S, 9-trans, (R R-trans- or nmeso-ci s-1, 2-di -

(P(phenyl) ») cycl ohexane,

(S,9-trans, (RR-trans- or meso-cis-1,2-di-(P(4-
met hoxyphenyl ) ,) cycl ohexane,

(S,9-trans, (R R-trans- or nmeso-cis-1,2-di-(P(4-

et hyl phenyl ) ;) cycl ohexane,

17
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(S, 9-trans, (R R-trans- or neso-cis-trans-1,2-di-
(P(phenyl ) 2) cycl opent ane,

(S, 9-trans, (R R-trans- or nmeso-cis-1,2-di-(P(4-
et hoxyphenyl ) ;) cycl opent ane,

(S, 9-trans, (R R-trans- or nmeso-cis-1,2-di-(P(4-
et hyl phenyl ) ;) cycl opent ane,

(S, 9-trans, (R R-trans- or nmeso-ci s-3, 4-di -
(P(phenyl) 2) pyrrol e,

(S, 9-trans, (R R-trans- or nmeso-cis-3,4-di-(P(4-
et hoxyphenyl ) ;) pyrrol e,

(S, 9-trans, (R R-trans- or nmeso-cis-3,4-di-(P(4-
et hyl phenyl ) ;) pyrrol e,

(S, 9-trans, (R R-trans- or neso-cis-3,4-di-(P(4-
et hyl phenyl ) ;) i m dazol e,

(S 9 -, (RR- or nmeso- (4- et hyl phenyl ) ,P-
CH( di et hyl am ne) CH di net hyl am ne) - P(4- et hyl phenyl ) ,,

(S'9-, (RR- or neso- ( 3- net hoxyphenyl ) ,P-
CH et hyl ) CH( et hyl ) - P( 3- net hoxyphenyl ) »,

(S'9-, (RR- or neso- ( 4- et hoxyphenyl ) ,P-
CH net hyl ) CH net hyl ) - P( o- et hoxyphenyl ) »,

(S,9-, (RR- or meso-4-(di methyl am nephenyl) ,P-
CH et hyl ) CH et hyl ) P(4- di met hyl am nephenyl ) ,,

(S9)-, (RR- or neso- (4-

et hyl cycl ohexyl ) ,PCH et hyl ) GH et hyl ) P(4- et hyl cycl ohexyl ) ,,

(S'9-, (RR- or neso- ( 2-
et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P( 2- et hyl phenyl ) »,
(S'9-, (RR- or neso- ( 2-

18
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i sopropyl phenyl ) .PCH et hyl ) CH et hyl ) P( 2-i sopr opyl phenyl ) ,

(S 9 -, (RR- or nmeso- ( 2-
et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P( 2- net hyl phenyl ) ,,

(S 9 -, (RR- or nmeso- ( 2-
et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P( phenyl ) »,

(S 9 -, (RR- or nmeso- ( 2-
et hyl phenyl ) ,PCH et hyl ) CH net hyl ) P( 2- et hyl phenyl ) ,

(S 9 -, (RR- or nmeso- ( 2-
et hyl phenyl ) ,PCH et hyl ) CH et hyl ) P( 2- et hyl phenyl ) »,

(S 9 -, (RR- or nmeso- ( 2-
et hyl phenyl ) ,PCH(i sopr opyl ) CH net hyl ) P( 2- et hyl phenyl ) »,

(S 9 -, (RR- or nmeso- ( 2- et hyl phenyl ) ,PCH n-
propyl ) CH net hyl ) P( 2- et hyl phenyl ) ,,

(S 9 -, (RR- or nmeso- ( 2-

et hyl phenyl ) ,PCHi sopr opyl ) CH et hyl ) P( 2- et hyl phenyl ) ,,

(S, 9-trans, (R R-trans- or nmeso-cis-1,2-di-(P(2-
et hyl phenyl ) ;) cycl ohexane,

(S, 9-trans, (RR-trans- or nmeso-cis-1,2-di-(P(2-
et hyl phenyl ) ;) cycl opent ane,

(S,9-trans, (RR-trans- or meso-cis-3,4-di-(P(2-
et hyl phenyl) ;) pyrrol e,

(S,9-trans, (RR-trans- or meso-cis-3,4-di-(P(2-
et hyl phenyl) 2) i m dazol e,

(S'9-, (RR- or neso- ( 2-
et hyl phenyl ) ,PCH di et hyl am ne) CH di net hyl am ne) P( 2-
et hyl phenyl) ,,

(S'9-, (RR- or neso- ( 2-

19
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et hoxyphenyl ) ,PCH net hyl ) CH net hyl ) P( 2- net hoxyphenyl ) ,,

(S 9 -, (RR- or nmeso- ( 2-
et hoxyphenyl ) ,PCH et hyl ) CH net hyl ) P( 2- et hoxyphenyl ) ,,
(S 9 -, (RR- or nmeso- ( 2-

di met hyl am nephenyl ) ,PCH net hyl ) CH net hyl ) P( 2-
di met hyl am nephenyl ) ,, and

(S 9 -, (RR- or nmeso- ( 2-
et hyl cycl ohexyl ) ,PCH et hyl ) CH et hyl ) P( 2- et hyl cycl ohexyl ) ».

The chiral ligands according to the present invention
may be prepared using a variety of methods known to those
skilled in the art.

The P-G G P type stereoi soneric backbone structure of
the ligand according to the present invention is different
from that of a known conventional (R \PN(R)P(R n
heteroligand, and the heteroatom in the backbone structure
of the ligand is only phosphorus (P). Specifically, the
ligand used in the catal yst system according to the present
invention is provided in the form of a carbon-carbon
backbone structure without a N atom between two P atons,
and thus the spatial structure is appropriately adjusted in
the arrangenent direction of the substituents attached to
the C atons, thereby exhibiting superior catalytic
activity, achieving a high 1-hexene or 1-octene selectivity
of 70 w% or nore, and maintaining the reaction activity
st abl e.

Also, the transition netal conplex coordinated wth

the chiral ligand having a P-G G P backbone structure nay

20
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be nodified so as to be attached to a polyner chain in
order to nmake it insoluble at room tenperature or higher.
Furthernmore, this conplex may be fixedly bonded to a
backbone such as silica, silica gel, polysiloxane or
al um na.

In addition, in order to achieve nore effective
activity and higher selectivity, the present invention
provides a chromum conplex catalyst conposition for
sel ective ethylene oligonerization, conprising the above
chromum conpl ex cat al yst for sel ecti ve et hyl ene
ol i goneri zati on and a known co-catal yst.

The co-catalyst used in the catalyst conposition
according to the present invention may be any conpound
which activates the transition metal conplex coordinated
with the chiral ligand having a P-G G P backbone structure.
The activator nay also be used in a mxture. The conpound
adapted for the activator includes an organoal um num
conpound, an organoboron conpound, or an organic salt.

Exanpl es of the organoal um num conpound suitable for
use as the activator in the catalyst system according to
the present invention includes AR; (Ris independently (Cl-
Cl2) al kyl, oxygen-containing (Cl-Cl2)al kyl or hal ogen) or
Li Al H,.

In the catal yst conposition according to the present
i nventi on, the co-catalyst includes trimethylal umnum
(TMY), triethylal umnum (TEA), triisobutylalumnum (TIBA),

tri-n-octyl al um num net hyl al um num di chl ori de,
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et hyl al umnum  dichl ori de, di met hyl al um num  chl ori de,
di et hyl al um num chl ori de, al um num | sopr opoxi de,
et hyl al um num sesqui chl ori de, net hyl al um num sesqui chl ori de
and al um noxane.

Typically in the art, alumnoxane is wdely known to
be an oligoneric conpound which nmnmay be prepared by
appropriately mxing water and an al kyl al um num conpound,
for exanple, trinethylalumnum  The produced al um noxane
oligoneric conpound may be a linear conpound, a cyclic
conpound, a cage conpound, or conbi nations thereof.

Sui tabl e exanpl es of the organoboron conpound i ncl ude

bor oxi n, NaBH;, tri et hyl bor ane, tri phenyl bor ane,
t ri phenyl bor ane ammoni a conpl exes, tributyl borat e,
triisopropyl borate, tri s(pent af | uor ophenyl ) bor ane,

trityl (tetrapentaf!| uorophenyl)borat e,

di et hyl phenyl ammoni un('t et r apent af | uor ophenyl ) bor at e,

di et hyl phenyl ammoni un{t et r apent af | uor ophenyl ) bor at e,

et hyl di phenyl ammoni un{ t et r apent af | uor ophenyl ) bor at e, or
et hyl di phenyl ammoni un('t et r apent af | uor ophenyl ) bor at e. Thi s
organoboron conpound may be used in a mxture with the
above or ganoal um num conpound.

In the co-catal yst, alumnoxane may be selected from
anong al kyl al um noxane, for exanple, nethylal um noxane
(MO and et hyl al um noxane (EAO, and nodi fi ed
al kyl al um noxane, for exanple, nodified nethylal um noxane
(MVAO. The nodified nethylal umnoxane (prepared by Akzo

Nobel ) contains a hybrid al kyl group such as isobutyl or n-
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octyl group, in addition to a nethyl group.

Particularly usef ul as t he co- cat al yst i's
net hyl al um noxane (MAO or et hyl al um noxane (EAO .

The chromum conplex for sel ective ethylene
ol i goneri zati on and al um noxane are m xed such that a nol ar
ratio of alumnumto chromumranges from1:1 to 10, 000: 1,
preferably about 1:1 to 1, 000: 1.

In addition, the present invention provides a nethod
of preparing an oligomer, in particular, 1-hexene or 1-
octene at high activity and high selectivity, which
includes preparing the chromum conplex conmpound for
selective ethylene oligonerization of Formula 1 or 2
including a transition netal precursor coordinated with a
chiral ligand having a P-GGP backbone structure, and
addi ng the chrom um conpl ex conpound thus prepared to an
ethylene oligonerization nedium so that ethylene is
oligonerized at high activity and high selectivity, in
which the P-G GP backbone ligand adapted to achieve high
activity and high selectivity nay be (S 9-, (RR- or
neso-isoneric linear, trans- or cis-cyclic. A so useful as
a mxture of some isoners may be a multi-ligand in which
(S9-, (RR- o neso-(R)(R)P-(Rs) GHOHRe) - P(Rs) (Ru)
i gands are bonded w th each ot her.

The chromum conplex for sel ective ethylene
ol igonerization and the co-catalyst, which are individual
conponents of the catal yst system disclosed in the present

invention, may be mxed sinultaneously or sequentially in
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any order in the presence or absence of a solvent, thus
preparing an active catalyst. These catal yst conponents nay
be mxed at a tenperature ranging from-20 to 250 C. In the
course of mxing the catalyst conponents, olefin nay
typically exhibit protective effects resulting in inproved
catalytic performance. Preferably, the mxing is perforned
at a tenperature ranging from20 to 100 C.

The reaction product disclosed in the present
invention, that is, an ethylene oligoner, in particular, 1-
hexene or 1l-octene nay be prepared using the chromum
conpl ex conpound for selective ethylene oligomerization
according to the present invention by means of a typical
apparatus and a catalytic technique in the presence or
absence of an inert solvent by a honogeneous liquid
reaction, a slurry reaction in which the catalyst systemis
not partially or conpletely dissolved, a two-phase
liquid/liquid reaction, a bulky reaction in which an olefin
product acts as a nain nmedium or a gaseous reaction.

The nethod of selectively preparing an oligomner
according to the present invention nay be perforned in the
presence of an inert solvent. Specifically, any inert
sol vent whi ch does not react with the catal yst conpound and
the activator nay be used, and the inert solvent nay
include any saturated aliphatic and unsaturated aliphatic
and aronatic hydrocarbons and hydrocarbon halides. Typical
exanples of the solvent include but are not limted to

benzene, toluene, xylene, chlorobenzene, cunene, heptane,
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cycl ohexane, et hyl cycl ohexane, net hyl cycl opent ane, n-
hexane, 1-hexene, 1-octene, etc. In particular when the
compound of Forrmula 1 is used, the sane conpound as the L
ligand is preferably used as a reaction sol vent.

In the preparation nethod according to the present
invention, oligonerization nay be carried out at a
tenperature ranging from-20 to 250 C, preferably from15 to
130C, and nore preferably from30 to 70 C.

Furthernmore, the method according to the present
invention is performed at a pressure from atnospheric
pressure to 500 bar, preferably from10 to 70 bar, and nore
preferably from30 to 50 bar.

In an enbodi ment of the present invention, the P-G G
P backbone stereoisoneric |igand coordination conplex and
the reaction conditions are selected so that the yield of
1- hexene from ethylene is 50 nass% or nore, and preferably
70 mass% or nore. In this case, the yield indicates the
nunber of grans of 1-hexene fornmed per 100 g of the total
reaction product.

In anot her enbodi ment of the present invention, the
P- G G P backbone stereoi soneric |igand coordi nation conpl ex
and the reaction conditions are selected so that the yield
of 1l-octene from ethylene is 30 mass% or nore, and
preferably 50 nmass% or nore. In this case, the yield
i ndi cates the nunber of grans of 1-octene formed per 100 g
of the total reaction product.

In the nethod according to the present invention,
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depending on the P-G GP backbone ligand and the reaction
conditions, not only 1-hexene or 1-octene, but also
di fferent anount s of 1- but ene, 1- hexene,
et hyl cycl opent ane, net hyl enecycl opent ane,
propyl cycl opentane and a nunber of higher oligomers and
pol yet hyl enes may be provi ded.

The nethod according to the present invention nmay be
performed using a plant including any type of reactor.
Exanpl es of the reactor nay include but are not limted to
a batch reactor, a sem-batch reactor, and a continuous
reactor. The plant nmay include a conbination of a reactor,
an inlet for introducing olefin and the catal yst system
into the reactor, a line for discharging an oligomerized
reaction product from the reactor, and at |east one
separator for separating the oligonerized reaction product,
in which the catalyst system may include the transition
nmetal conpound, the activator, and the P-GGP Iligand
coordi nation conpl ex, as discl osed herein.

In the present invention, 1-hexene or 1-octene can be
produced at high activity and high selectivity by
oligonerizing ethylene using the ethylene oligonerization

catal yst systemaccording to the present invention.

Advant ageous Effects
Wen a ligand and a chromum netal or chromum
precursor are separately added to an oligonerization

reacti on medi um a considerable anount of the |igand cannot
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approach the chromum atom or cannot be nornally
coordinated, undesirably naking it inpossible to obtain
activity and selectivity adapted for industrialization.
However, according to the present invention, the case where
ethylene is oligonerized using a chrom um conpl ex conpound
for selective ethylene oligonerization having a chiral P-G
G P backbone structure is advant ageous because the catal yst
in which the chiral ligand is nornmally coordinated to
chromum is used, the reaction activity is increased 10
times or nore, and the selectivity is increased, so that
the anount of polymer by-product is reduced to 1/10 or
less, and consequently the anount of polyner by-product
after reaction can be effectively lowered to about 0.1 wt %
thus sinplifying the purifying process to thereby favorably
perform the production process. Furthernore, the anmount of
an expensive co-catalyst such as MO necessary for
activating the catalyst can be reduced to 1/10 or |ess,

resulting in econom cal production process.

Description of Draw ngs
FIG 1 shows the X-ray diffraction structure of the
conpound prepared in Catal yst Preparati on Exanpl e 2; and
FIG 2 shows the X-ray diffraction structure of the

conpound prepared in Catal yst Preparati on Exanpl e 5.

Mbde for | nvention

A better understanding of the present invention nay

27



10

15

20

25

be obtained through the follow ng exanples which are set
forth to illustrate, but are not to be construed as
limting the present invention.

[ Preparative Exanpl e]

[Catal yst Preparation Exanple 1] Preparation of

(S, 9S) - (phenyl) .PCH net hyl ) CH net hyl ) P( phenyl ) » chrom um
trichloride t et r ahydr of ur an [Od 3(TH) {(P,P)-k>-(S,S)-
((Ph) o.P(Me) G GH(Me) P(Ph) 5) } ]

A Preparati on of Li gand (S 9-
(phenyl) .PCH net hyl ) CH net hyl ) P( phenyl ) » [(S'S)-
Ph,PCH Me) CH Me) PPhy]

A chiral ligand [(S S -Ph,PCH Me) CH M) PPh,] was

prepared as disclosed in B. Bosnich et al, J. An GChem
Soc. 99(19) (1977) 6262. ( 2R 3R -butanediol  di-p-
t ol uenesul fonate was prepared from( 2R 3R)-butanediol. This
nmet hod was performed as disclosed in R B. Mtra et al, J.
Am Chem Soc 84(1962). 100 nL (1.24 nol) of dry pyridine
was added to a 1 L flask cooled in an ice bath and then
mxed with 100 g (0.525 nol) of p-toluenesul fonyl chloride,
after which 22 nL (0.245 nol) of (2R 3R)-butanediol was
slowy added dropwi se thereto. The mxture was warned to
roomtenperature for 20 mn, and then allowed to stand in a
sem-solid phase at room tenperature for 12 hours. Excess
ice pieces were added to the mxture, and the flask was
vi gorously shaken so that the mxture did not congl onerate.
Wet her powdery crystals were slowy precipitating was

checked, after which the mxture was stirred for 2 hours
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along with ice pieces, and then crushed ice pieces and 70
nm. of a concentrated hydrochloric acid solution were added
thereto with vigorous stirring. The extracted slurry was
filtered, thoroughly washed with water, and dried, thus
obtaining 8 g (86.3% of a (2R 3R -butanediol di-p-
t ol uenesul fonate product (np 62 ~ 64 C).

Oh the other hand, 95 g of recrystallized
t ri phenyl phosphorus and 300 niL of dry tetrahydrofuran (THF)
were added into a 1 L three-neck round-bottom flask
equi pped with a 250 niL addition funnel, a reflux condenser
and a nitrogen inlet. To the solution, 5.0 g of thin
l'ithium pieces were added at 25C in a nitrogen atnosphere
wth stirring, thus formng LiPPh, in the solution. As
such, the solution turned to a deep reddish yellow col or
while a |large anount of heat was generated. The tenperature
of the solution was elevated slowy to 55C for 1 hour, and
the solution was cooled again to 25C for 2 hours with
stirring. The formed phenyllithium was deconposed by
dropwise adding 33 g of distilled and purified t-
butylchloride for 45 mn. The transparent reddish yellow
solution was boiled for 5 mn, and then cooled again to -
4°C.

To the cooled solution, 35 g of the above-prepared
(2R 3R) - but anedi ol di - p-tol uenesul fonate, dissolved in 100
nmL of dry THF, was added dropwi se for 1 hour. The solution
was warnmed slowy to roomtenperature, and then stirred for

30 mn. 300 nL of nitrogen-purged water was then added
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thereto, and THF was renoved by distillation under reduced
pressure, thus extracting a colorless oil-type product. The
product was extracted two tines with 150 nL of ether, and
then dried with Na,SQi.. The ether extract was filtered with
a solution of 15 g of nickel perchlorate hexahydrate in 50
n. of ethanol in a nitrogen atnmosphere. Na,SQ, remaining in
the filter was thoroughly washed with ether, and then the
ether solution was added to the nickel solution. The
reddi sh brown oil-type product, which had yellow crystals,
was [N ((S,S-chiraphos),](AdQ), The oil crystal mxture
was added to a solution of 15 g of sodium thiocyanate
(NaNCS) in 50 m of hot ethanol, and the solution was
vigorously stirred for a few hours wuntil a wuniform
yellowish brown solid [N ((S S)-chiraphos) ;NCSINCS was
f or ned. This solid product was conpletely washed with
et hanol, and then washed with ether.

15 g of the nickel conplex thus prepared was
suspended in 150 nL of ethanol under nitrogen and heated
wth stirring. 4 g of sodium cyanide (NaQ\) was rapidly
added to 20 g of water. The nickel conplex was slowy
dissolved to produce a clear red solution, [N ((S 9-
chi raphos) ,(\s] , which was then changed to a turbid beige-
colored solution. The hot solution was stirred until a
yellow slurry was formed. The slurry solution was cool ed,
and the solid was continuously washed two tines with 25 niL
of water and then rapidly cooled with ice-cool ed ethanol.

The inpurity-containing beige-colored solid was dried at
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25C, added to 125 nmL of boiling anhydrous ethanol, and then
filtered using a Fritz filter. The Fritz filtration was
performed at room tenperature for 12 hours, thus obtaining
a colorless glossy solid. The solid was then recrystallized

from60 nL of anhydrous ethanol, thereby attaining 5.5 g of

conpl etel y col orl ess pur e (S 9-
(phenyl ) .PCH et hyl ) CH net hyl ) P( phenyl ) .

B. Preparation of (S 9-
(phenyl) .PCH met hyl ) CH et hyl ) P( phenyl ) » chrom um
trichloride t et rahydr of ur an [Od 3(TH){(P,P)-k>(S, S)-
((Ph) 2P(Me) CH CH(Me) P(Ph) 2) } ]

1.1 g (3.0 mol) of chromum trichloride tris-
tetrahydrofuran (O d 3(THF)3) was dissolved in 100 nL of
tetrahydrofuran, to which a solution of 1.28 g (3.0 mol)
of t he above- pr epar ed (S9-
(phenyl ) .PCH et hyl ) CH net hyl ) P(phenyl ) , i gand conpound in
50 nL of tetrahydrofuran was then slowy added, and the
resulting reaction solution was stirred at room
tenperature. The reaction solution was further stirred for
1 hour and volatile conpounds were renoved therefromin a
vacuum after which 100 nL of petroleum ether was added
dropwise to the reaction product, thus obtaining a
precipitated blue solid. Two washings with 100 nL of
petrol eum ether were perforned, giving 1.77 g (yield 90 %

of the product.

[Catal yst Preparation Exanple 2] Preparation of Bis-
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[(S,S)- (phenyl) ,PCH et hyl ) CH et hyl ) P( phenyl ) » chrom um
di chl ori de (p-chloride)] [Qd(p-A){(P,P)-k*(S,9)-
((Ph) .P(Me) G+ CH(Me) P(Ph) 2) }] 2

1.1 g (3.0 mol) of chromum trichloride tris-

tetrahydrofuran (O d 3(THF)3) was dissolved in 100 nL of
di chl oronet hane, to which a solution of 1.28 g (3.0 mol)
of the (S 9S)-(phenyl) ,PCH nethyl)CH net hyl ) P(phenyl) , |igand
conpound prepared in Catalyst Preparation Exanple 1 in 50
nL of dichl oronmet hane was then slowy added. The resulting
reaction solution was further stirred for 1 hour and
vol atil e conpounds were then renoved therefromin a vacuum
100 nL of petrol eum ether was added dropw se to the product
thus obtaining a blue solid precipitate, which was then
washed two times with 100 nL of petroleum ether, giving
1.58 g (yield 90 %9 of the title conpound. The conplex
conmpound thus prepared was anal yzed using single-crystal X

ray diffraction. The structure thereof is shown in FIG 1.

[Catal yst Preparation Exanple 3] Preparation of
[(S,S)-(phenyl) ,PCH net hyl ) CH net hyl ) P(phenyl ) » chrom um
di acet yl acet onat e] [O{(Q O - k- (CHOOH,000H) 5} { (P, P) - k*
(S, 9) - ((Ph) o.P(Me) CH CH(Me) P(Ph) ) } ]

1.62 g of the title conpound was prepared in the same

manner as in Catalyst Preparation Exanple 2, wth the
exception t hat 1.1 g (3.0 mol ) of chrom um
triacetylacetonate (O (acac)s) was used in lieu of chromum

trichloride tris-tetrahydrofuran (O Qd 3(THF) 3).

32



10

15

20

25

[Catal yst Preparation Exanple 4] Preparation of

[(S,S)- (phenyl) ,PCH et hyl ) CH et hyl ) P( phenyl ) » chrom um
di (2-ethyl hexanoate)] [ O {(GOCCH CoHs) Gitb) 2} { (P, P) - k- (S, S) -
((Ph) .P(Me) G+ CH Me) P(Ph) 2) } ]

1.82 g of the title conpound was prepared in the same
manner as in Catalyst Preparation Exanple 2, with the
exception that 1.44 g (3.0 mmol) of chromum tri(2-
et hyl ) hexanoate (O (OOOCH CoHb) CGiH)3) was used in lieu of
chromumtrichloride tris-tetrahydrofuran (O Q 3(THF)3).

[Catal yst Preparation Exanple 5] Preparation of Bis-
[ (R R - (phenyl) ,PCH net hyl ) CH net hyl ) P(phenyl ) » chr om um
dichloride  ( u-chloride)] [Qd ) n-0){(P,P)-k*(RR)-
((Ph) .P(Me) O+ CH(Me) P(Ph) 2) }] »

A Prepar ati on of Li gand (RR-
(phenyl ) .PCH et hyl ) CH( et hyl ) P(phenyl) > [(RR-
Ph2PCH( Me) CH( Me) PPh;]

5.1 g of the title conpound was prepared in the sane
manner as in Catalyst Preparation Exanple 1, wth the
exception that (2S, 3S)-butanediol was used as a starting
material, in lieu of (2R 3R)-butanediol.

B. Pr epar at i on of Bis-[(RR-
(phenyl ) .PCH et hyl ) CH net hyl ) P(phenyl ) , chrom um di chl ori de
(m-chloride)] [O A u-A){(P,P)-k* (R R -((Ph).P(M)C+
CH(Me) P(Ph) 2) }] 2

1.58 g of the title conpound was prepared in the sane
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manner as in Catalyst Preparation Exanple 2, with the
exception t hat 1.28 g (3.0 mol ) of (RR-
(phenyl ) ,PCH et hyl ) CH net hyl ) P(phenyl ) » |igand conpound was
used, in lieu of the (S S-ligand conpound. The conplex
conmpound thus prepared was anal yzed using single-crystal X

ray diffraction. The structure thereof is shown in FIG 2.

[Catal yst Preparation Exanple 6] Preparation of Bis-

[ meso- (phenyl ) ,PCH net hyl ) CH net hyl ) P( phenyl ) » chrom um
di chl ori de ( p-chloride)] [Od o u-A){(P, P)- k> neso-
((Ph) o.P(Me) G GH(Me) P(Ph) 5) }] >

A Prepar ati on of Li gand neso-
(phenyl) .PCH net hyl ) CH net hyl ) P( phenyl ) » [ meso-
Ph,PCH Me) CH Me) PPhy]

5.7 g of conpl etel y col orl ess pur e nmeso-
(phenyl ) .PCH et hyl ) CH net hyl ) P(phenyl ) , was prepared in the
same nanner as in Catalyst Preparation Exanple 1, with the
exception that neso-butanediol was used as a starting
material, in lieu of (2R 3R)-butanedi ol .

B. Prepar at i on of Bi s-[ neso-
(phenyl ) .PCH et hyl ) CH net hyl ) P(phenyl ) , chrom um di chl ori de
(u-chloride)] [ A o u-A){(P, P)-k? neso- ((Ph) ,P( Me) CH
CH(Me) P(Ph) 2) }] 2

1.43 g of the title conpound was prepared in the sane
manner as in Catalyst Preparation Exanple 2, wth the
exception t hat 1.28 g (3.0 mol ) of neso-

(phenyl ) .PCH et hyl ) CH net hyl ) P(phenyl ) , |igand conpound was
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used, in lieu of the (S 9 -1igand conpound.

[Catal yst Preparation Exanple 7] Preparation of Bis-
[ (R R - (4- met hoxyphenyl ) -,PCH net hyl ) CH net hyl ) P( 4-
met hoxyphenyl ) o, chromumdichloride ( u-chloride)] [ d o p-
a){(P, P)-k* (R R - ((4- MeCPh) ,P(Me) G+ CH(Me) P(4- MeCPh) 5) }] -

A Preparation of Li gand (RR-(4-
et hoxyphenyl ) ,PCH net hyl ) CH net hyl ) P(4- net hoxyphenyl ) »
[ (R R - (4- MeCPh) :PCH Me) CH( Me) P(4- MeGPh) 2]

The title conpound was prepared as disclosed in B.
Bosnich et al, J. Am Chem Soc 99(19)(1977).

The preparation of ( 2S, 39) - but anedi ol di - p-
t ol uenesul fonate from (2S, 3S)-butanediol was performed in
t he sane manner as in Catal yst Preparation Exanpl e 1.

Tri (4- met hoxyphenyl ) phosphorus was prepared in the
following manner. Magnesium pieces (91.1 g, 3.75 nol) were
added dropwise to 95 nL (0.75 nol) of 4-brono-anisol in 2 L
of THF. After intensive reaction, the reaction mxture was
heated under reflux for 2 hours to obtain a Qignard
reagent . The Qignard reagent was added dropwise to a
solution of 17.5 nL (0.2 nol) of PA 3 in 2 L of THF at -78T
over 2 hours wth stirring. After conpletion of the
dropwi se addition, the dry ice/acetone bath was renoved,
and the reaction solution was warnmed to room tenperature.
The reaction solution was stirred overnight, and the
solvent was renoved therefrom in a vacuum The phosphine

product was entirely used in a subsequent step w thout
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bei ng renoved.

Into a 1 L three-neck round-bottom flask equipped
with a 250 nL addition funnel, a reflux condenser and a
ni t rogen inlet, 70 g of recrytallized tri(4-
nmet hoxyphenyl ) phosphorus and 300 niL of dry THF were added.
To the solution, 2.8 g of thin |ithium pi eces were added at
25°C under nitrogen wth stirring. Li P(4-Qwe-Ph) , was
imrediately forned in the solution, and the sol ution turned
to a deep reddish yellow color while a |arge amount of heat
was generated. The tenperature of the solution was el evat ed
slowy to 55T for 1 hour, and the sol ution was cool ed again
to 25C for 2 hours wth stirring. The formed 4-
et hoxyphenyl |'i t hi um was deconposed by dropw se adding 18.5
g of distilled and purified t-butylchloride for 45 mn. The
transparent reddish yellow solution was boiled for 5 mn,
and then cooled again to -4T.

To the cool ed solution, 19.6 g of the above-prepared
(2S, 3S) - but anedi ol di-p-tol uenesul fonate, dissolved in 100
nL of dry THF, was added dropwi se for 1 hour. The solution
was slowy warmed to roomtenperature, and then stirred for
30 mn. 300 nL of nitrogen-purged water was added thereto,
after which THF was renoved by distillation under reduced
pressure, thus extracting a colorless oil-type product. The
product was extracted two tinmes wth 150 nL of ether, and
then dried with Na;SQ.. The ether extract was filtered with
a solution of 8.4 g of nickel perchlorate hexahydrate in 50

nm. of ethanol in a nitrogen atnosphere. Na,SQ, remaining in
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the filter was thoroughly washed with ether, and then the
ether solution was added to the nickel solution. The
reddi sh brown oil-type product was [N (( 2R 3R)-bis(di-p-
nmet hoxyphenyl ) phosphorus butane) ;)] (A Q),. The oil crystal
mxture was added to 8.4 g of sodium thiocyanate (NaNCS)
dissolved in 50 nL of hot ethanol, and the solution was
intensively stirred for a few hours wuntil a wuniform
yel | owi sh br own solid [N (( 2R 3R) -bi s(di -p-
et hoxyphenyl ) phosphorus but ane) ;NCS| NCS was for ned. The
solid product was conpletely washed with ethanol, and then
washed with ether.

17 g of the nickel conplex was suspended in 150 niL of
et hanol under nitrogen and heated with stirring. A solution
of 4 g of sodium cyanide (NaCON) in 20 g of water was
rapidly added thereto. The nickel conplex was slowy
dissolved to produce a clear red solution [N ((2R 3R -
bi s(di - p- net hoxyphenyl ) phosphorus butane) ,O\s] , which was
then changed to a turbid beige-colored solution. The hot
solution was stirred until a yellow slurry was fornmed. The
slurry solution was cool ed, and the solid was continuously
washed two tinmes with 25 nbL of water and rapidly cool ed
with ice-cooled ethanol. The inpurity-containing beige-
colored solid was dried at 25°C, added to 125 ni of boiling
anhydrous ethanol, and then filtered using a Fritz filter.
The Fritz filtration was perforned at room tenperature for
12 hours, whereby the filtrate was conpletely elimnated

and only a colorless glossy solid renmained. The solid was
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recrystallized from 60 nL of anhydrous ethanol, giving 6.2
g of conpletely colorless pure (R R)-(4-methoxyphenyl)
PCH et hyl ) CH net hyl ) P(4- net hoxyphenyl ) .

B. Prepar ati on of Bis-[( RR-(4-
et hoxyphenyl ) ,PCH net hyl ) CH net hyl ) P(4- net hoxyphenyl ) »
chromium dichloride (p-chloride)] [QQ o u-A){(P,P)-k?
(R R - ((4-MeCPh) 2P(Me) G CH( Me) P(4- MeCPh) 2) }] 2

1.29 g of the title conpound was prepared in the same
manner as in Catalyst Preparation Exanple 2, with the
exception that 1.64 g (3.0 mol ) of (RR-(4-
et hoxyphenyl ) ,PCH et hyl ) CH net hyl ) P(4- net hoxyphenyl ) , was
used in lieu of (S 9-(4-
et hoxyphenyl ) ,PCH et hyl ) CH net hyl ) P(4- net hoxyphenyl ) .

[Catal yst Preparation Exanple 8] Preparation of Bis-
[ (S, S) - (4- et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P(4-
net hyl phenyl ), chromum dichloride ( p-chloride)] [Od 5 p-
Q) {(P, P)-k* (S, S) - ((4- MePh) ,P(Me) O+ CH Me) P(4- MePh) 2) }] 2

A Preparation of Li gand (S, 9-(4-
et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P(4- et hyl phenyl ) »
[ (S, S) - (4- MePh) ,PCH Me) CH Me) P(4- MePh) 7]

3.9 g of conpletely colorless pure (S 9-(4-
et hyl phenyl ) ,P- CH( et hyl ) CH net hyl ) P(4- net hyl phenyl ) , was
synthesized in the sane manner as in Catal yst Preparation
Exanple 7, with the exception that 4-tolyl-bromde was used
to prepare tri(4-nethyl phenyl ) phosphor us.

B. Prepar ati on of Bis-[ (S 9 -(4-
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et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P(4- et hyl phenyl ) »
chromium dichloride (p-chloride)] [Qd o u-A){(P, P)-k?
(S, ) - ((4- MePh) :P(Me) CH CH(Me) P(4- MePh) 2) }] 2

1.31 g of the title conpound was prepared in the same
manner as in Catalyst Preparation Exanple 2, with the
exception that 1.45 g (3.0 mol) of (RR-(4-
net hyl phenyl ) ,PCH net hyl ) CH net hyl ) P(4- et hyl phenyl ) , |i gand
conpound was used in l'ieu of (S9-

(phenyl ) .PCH et hyl ) CH net hyl ) P( phenyl ) .

[Catal yst Preparation Exanple 9] Preparation of Bis-
[ (S, S) - (phenyl) ,PCH phenyl ) CH phenyl ) P( phenyl ) » chrom um
di chl ori de (p-chloride)] [Od(n-A){(P,P)-k*(S,9)-
(PhoP(Ph) G+ GH(Ph) PPhy) }] »

A Preparati on of Li gand (SS) - (phenyl) oP-
CH(phenyl) CH(phenyl) - P(phenyl') > [ (S, S) - (Ph2P(Ph) G+
CH( Ph) PPhy]

3.3 g of a colorless title conpound was prepared in
the sane manner as in Catalyst Preparation Exanple 1, with
the exception that (1R 2R) -1, 2-di phenyl et hanedi ol was used
as a starting material .

B. Preparati on of Bis-[ (SY9)-
(phenyl ) .PCH phenyl ) CH phenyl ) P(phenyl ) , chrom um di chl ori de
(u-chloride)] [ A u-A){(P,P)-k?* (S, S) - (PhP(Ph) CH+
CH(Ph) PPh2) }] 2

0.9 g of the title conmpound was prepared in the sane

manner as in Catalyst Preparation Exanple 2, wth the
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exception that 1.35 g (3.0 mmol) of (S S)-(phenyl)P-
CH phenyl ) CH phenyl ) - P(phenyl ) , i gand conpound was used in
lieu of (S 9S)-(phenyl)PCH nethyl)CH net hyl ) P(phenyl) .

[Catal yst Preparati on Exanpl e 10] Preparati on of Bis-

[{ (1S, 25)-trans-bi s(di phenyl phosphi no) cycl ohexane} chrom um

dichloride ( p-chloride)] [Od o u-A){(P, P)-k> (1S, 29) -

(Ph2P) ocycl ohexane}] >

A Preparation of Li gand (1S, 295 -trans-
bi s( di phenyl phosphi no) cycl ohexane [ (1S 29) -
(Ph2P) .cycl ohexane}] 2

3.6 g of a conpletely colorless pure title conpound
was prepared in the sane manner as in Catal yst Preparation
Exanple 1, wth the exception that (1R 2R -trans-
cycl ohexanedi ol was used as a starting material in lieu of
(2R 3R) - but anedi ol .

B. Preparation of Bis-[{ (1S 29 -trans-
bi s(di phenyl phosphi no) cycl ohexane} chrom um dichloride ( p-
chloride)] [Od o u-A){(P,P)-k*(1S,2S)-
( Ph2P) .cycl ohexane}] 2

1.07 g of the title conpound was prepared in the same
manner as in Catalyst Preparation Exanple 2, wth the
exception that 1.36 g (3.0 mol) of (1S,29-trans-

bi s(di phenyl phosphi no) cycl ohexane |igand conpound was used

inlieu of (S '9)-(phenyl)PCH met hyl ) CH met hyl ) P( phenyl ) ».

[Catal yst Preparati on Exanpl e 11] Preparati on of Bis-

40



10

15

20

25

[ {(3S, 4S)-trans-bi s(di phenyl phosphi no) 1- benzyl pyrrol i di ne}

chromum dichloride ( u-chloride)] [Od o u-A){(P, P)-k?*
(3S, 4S) - (PhoP) 51-benzyl pyrrolidine}] o

A Preparation of Li gand (3S,49) -trans-
bi s(di phenyl phosphi no) 1- benzyl pyrrolidine [(3S, 4S)-(Ph,P),1-
benzyl pyrrol i di ne

2.7 g of col orl ess pur e (3S,49) -trans-
bi s(di phenyl phosphi no) 1- benzyl pyrrolidine was prepared in
the sane manner as in Catalyst Preparation Exanple 1, with
the exception that (3R 4R)-trans-1-benzyl pyrrolidinedi ol

was used as a starting material in lieu of (2R 3R -

but anedi ol .
B. Preparation of Bis-[{(3S 49 -trans-
bi s(di phenyl phosphi no) 1- benzyl pyrrol i di ne} chrom um

dichloride ( p-chloride)] [Od( u-A){(P,P)-k*(3S, 49)-
(Ph2P) 21- benzyl pyrrolidine}] 2

1.15 g of the title conpound was prepared in the same
manner as in Catalyst Preparation Exanple 2, wth the
exception that 1.59 g (3.0 mol) of (3S 49 -trans-
bi s(di phenyl phosphi no) 1- benzyl pyrrolidine ligand conpound
was used in lieu of (SY9)-

(phenyl) .PCH net hyl ) CH net hyl ) P( phenyl ) ».

[Catal yst Preparati on Exanpl e 12] Preparati on of Bis-

[{(S S - (phenyl) ,PCH et hyl ) G net hyl ) P(phenyl ) ,
chromun(ll) chloride ( p-chloride)] [O((11)A( u-A){(P,P)-
k* (S, S) - ((Ph) ,P(Me) CH CH(Me) P(Ph) 5) }] »
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1.51 g of the title conpound was prepared in the same
manner as in Catalyst Preparation Exanple 2, with the
exception that 1.02 g (3.0 mmol) of O (l11)A , was used in
lieu of chrom um trichloride tris-tetrahyrofuran

(G d3(TH) 3).

[Exanpl e 1] Ethylene Qi gonerizati on using the above-

prepared Catal yst and MAO

A 600 nL stainless steel reactor was washed with
nitrogen in a vacuum and then 200 nL of cycl ohexane and
MAO 1.5 mmol - Al were sequentially added thereto. Then, the
tenperature was elevated to 45C. In a 50 nL Schlenk flask
in a glove box, 3.3 ng (0.005 mmwl) of (S9-
(phenyl) .PCH met hyl ) CH et hyl ) P( phenyl ) » chrom um
trichloride tetrahydrofuran of Catal yst Preparati on Exanpl e
1 was mxed with 10 nL of cycl ohexane, and the m xture thus
obtai ned was added to the reactor. The reactor was charged
wth ethylene to 30 bar, and the mxture was stirred at 300
rpm After 120 mn, the supply of ethylene into the reactor
was stopped, the stirring was stopped to termnate the
reaction, and the reactor was cooled to bel ow 10° C

After excess ethylene in the reactor was di scharged,
et hanol containing 10 vol % hydrochloric acid was added to
the liquid in the reactor. |In order to analyze the liquid
by GG FID nonane was added as an internal standard. A
small anount of the organic |ayer sanple was dried over

anhydrous magnesium sulfate, and then analyzed by GG FID
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The remaining organic layer was filtered to separate solid
wax/ pol ymer products. These solid products were dried in an
oven at 100C overni ght and wei ghed, thus obtaining 1.2 g of
pol yet hyl ene. QC anal ysis showed that the total weight of
the reaction mxture was 116.2 g. The distribution of the

products of this Exanple is summari zed in Table 1 bel ow

[Exanples 2 to 12] Ethylene Qigonerization using the

above- prepared Catal yst and NAO

Et hyl ene ol i gonerization was carried out in the same
manner as in Exanple 1, with the exception that respective
catalysts of Catalyst Preparation Exanples 2 to 12 were
used in appropriate anmounts, and the MAO anmount and the
reaction time were appropriately adopted. The reaction
conditions and the reaction results are shown in Table 1

bel ow.

[ Conparative Exanple] Ethylene Tetramerization using

QO d 3(t etrahydrof uran) s, (S 9)-

(phenyl) ,PCH net hyl ) CH net hyl ) P(phenyl ) , and MAO

Et hyl ene tetranerization was carried out in the same

manner as in Exanple 1, with the exception that 2.2 ng
(0. 005 mmol ) of t he l'i gand (SYS)-
(phenyl) .PCH met hyl ) CH et hyl ) P( phenyl ) » [(SYS)-
Ph,PCH Me) CH Me) PPh,] of Catal yst Preparation Exanple 1 and
1.88 ng (0.005 mmol) of OQA 3(tetrahydrofuran); were used.

The reaction conditions and the reaction results are shown
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in Table 1 bel ow

Et hyl ene A igonerization Results

TABLE 1

Cat al yst | Cat al yst MAO Reacti on Tot al 1- 1- Pol yrrer
Ti me Qut put Hexene | Cct ene Sol i d
(mol) | (nmol) (m n) (9) (W% | (WA (W%

Ex. 1 0. 005 1.5 120 116. 2 20.4 67.6 1.0
Ex. 2 0. 0025 0.7 90 253.0 20.0 69. 1 1.0
Ex. 3 0. 0025 0.7 30 245.0 18.2 69. 5 0.2
Ex. 4 0. 0025 0.7 30 257.5 17.0 72.3 0.5
Ex.5 0. 0025 0.7 60 245.3 22.3 67. 2 0.3
Ex. 6 0. 005 1.5 60 132. 8 32.4 60. 3 0.3
Ex. 7 0. 005 1.5 60 204. 2 26. 2 63. 1 0.0
Ex. 8 0. 005 1.5 60 225.3 29.6 57.0 0.2
Ex. 9 0. 005 1.5 60 185. 3 21.3 66. 2 3.2
Ex. 10 0. 005 1.5 60 230. 2 18.3 70.1 0.3
Ex. 11 0. 005 1.5 60 52. 8 9.7 55. 6 9.5
Ex. 12 0. 005 1.5 60 95.9 21.0 67.5 0.0
C Ex. 0. 005 1.5 60 16. 2 15.6 68. 2 5.3

Wth reference to the above exanpl es and conparative

exanple, the method of preparing the oligoner using the

catal yst according to the present invention increased the
out put about 15 tines and reduced the anount of polyner by-
product from5.3%to 0.5% or |less, conpared to the results
of conparative exanple in which the ligand and the catal yst
precursor were separately added.

The results of the exanpl es showed that the structure
and activity of the synthesized catal yst conplex may vary

dependi ng on the synthesis solvent and conditi ons.
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1. A chrom um conpl ex conpound for sel ective ethyl ene

ol igonerization conprising a chiral ligand as represented

by Formula 1 or 2 bel ow

[ Formul a 1]

wherein R, R, R and R are each independently
hydrocar byl , substituted hydrocarbyl, heterohydrocarbyl, or
substituted heterohydrocar byl ;

R and R are each independently hydrocarbyl or
substituted hydrocarbyl, or R® and R° are bonded with
hydr ocar byl ene, substituted hydr ocar byl ene,
het er ohydr ocar byl ene or substituted heterohydrocarbyl ene;

X! to X* are each independently hal ogen, -CR?%, -QOCR?
or -NRP°R* in which R?, R? R® or R* is hydrogen,
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hydr ocar byl or het er ohydrocar byl ;
L i s hydrocarbon or heterohydrocarbon; and
* and ** are a chiral carbon position and are each

i ndependently (S) or (R configuration.

2. The chromum conplex conpound of <claim 1,
conprising a chiral ligand represented by Formulas 3 to 8
bel ow

[ Formul a 3]

(R, (R - Chi raphos- nono Chr omi um conpl ex

[ Formul a 4]
1 RZ
R
RS \F'i X!
(s) Z | X
Cr\
(S) / 1 x3
RE P L
7
R3
R4

(9, (S) - Chiraphos-nono Chr om um conpl ex

[ Formul a 5]
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nmeso- Chi r aphos- nono Chr om um conpl ex

[ Formul a 6]

X
(R /"—.Cr\\\\\x R7 o

N A

/P\ e

=k} " 5/C|r\‘ R

x xﬁ P R12
RQ/\R‘ID

(R, (R - Chi raphos- bi s Chr om um conpl ex
5 [ Formul a 7]

R® /P
R \R-t /°|r\ 9
x5 X8 P r12
(9, (S - Chiraphos-bi s Chrom um conpl ex
[ Formul a 8]
; 2
R
NS
RS. 2
(5 %] W g

xﬁ/P RY
RS R
10 nmeso- Chi r aphos-bi  Chr om um conpl ex
wherein R, R, R, R, R, R R and
i ndependent | y hydr ocar byl , substituted
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het er ohydr ocar byl , or substituted heterohydrocarbyl;

R, R, R! and R? are each independently hydrocar byl
or substituted hydrocarbyl, or R®> and RP or R" and R? are
bonded w th hydrocarbylene, substituted hydrocarbylene,
het er ohydr ocar byl ene or substituted heterohydrocarbyl ene;

X! to X° are each independently hal ogen, -CR%, -QOCR?
or -NRP°R* in which R?, R? R® or R* is hydrogen,
hydr ocar byl or het er ohydrocarbyl; and

L i s hydrocarbon or heterohydrocarbon.

3. The chrom um conpl ex conpound of claim 1, wherein
substituents R, R{, R . and R* of the chiral ligand are each
i ndependently (G6-Q0)aryl, (G6-Q0)ar(Cl-Cl0)alkyl, (Cl-
Cl10) al kyl , (Q2-C10) al kenyl (Q-C10) al kynyl (C3-
Cr)cycl oal kyl , hetero(C5-C0)aryl, hetero(C3-C7)cycl oal kyl ,
or - NRPR* in which R® or R* is (Cl-Cl0)al kyl or (O6-
C20)aryl, and the substituents R} R, R and R' may be
further substituted by one or nore selected fromanong (ClL-
Clo)al kyl, (Cl-Cl0)al koxy, (06-C20)aryloxy and hal ogen, R®
and R are each independently (G5-C20)aryl, (06-C20)ar(Cl-
Cl0)al kyl, (Cl-C10)al kyl, (Q2-Cl0)al kenyl, (C2-Cl0)al kynyl,

(C3-C7) cycl oal kyl het er o( C5- Q0) ar yl , het er o( C3-
C7) cycl oal kyl (C1- C10) al koxy, (G6- Q0) aryl oxy,
am nocar bonyl, carbonyl amno, di (Cl-Cl0)al kylamno, (Cl-

ClO)al kylsilyl or (Gs-Q0)arylsilyl, and the substituents
R and R nmay be substituted by (Cl-ClO)alkyl, (Cl-
Cl10) al koxy, (G6-C20)aryl oxy and hal ogen.
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4. The chrom um conpl ex conpound of claim 3, wherein
the R, R, R and R' of the chiral ligand are each
i ndependently sel ected fromthe group consisting of phenyl,
napht hyl, anthracenyl, nesityl, xylyl, nethyl, ethyl,
et hylenyl, n-propyl, i-propyl, propenyl, propynyl, n-butyl,
t-butyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
4- net hyl cycl ohexyl , 4- et hyl cycl ohexyl , 4-
i sopropyl cycl ohexyl, benzyl, tolyl, xylyl, 4-nethylphenyl,
4- et hyl phenyl , 4- i sopr opyl phenyl , 4-t - but yl phenyl , 4-
nmet hoxyphenyl , 4-i sopropoxyphenyl, cunyl, methoxy, ethoxy,
phenoxy, t ol yl oxy, di et hyl am no, t hi onet hyl ,
trinethylsilyl, dinmethyl hydrazyl, 2-methyl cycl ohexyl, 2-
et hyl cycl ohexyl, 2-isopropyl cycl ohexyl, o-nethyl phenyl, o-
et hyl phenyl , o- i sopr opyl phenyl , o-t - but yl phenyl o-
nmet hoxyphenyl , o-i sopropoxyphenyl, bi phenyl, naphthyl and
anthracenyl, and R° and R’ are each independently sel ected
from the group consisting of nethyl, ethyl, ethylenyl, n-
propyl, i-propyl, propenyl, propynyl, n-butyl, t-butyl, i-
butyl, phenyl, benzyl, tolyl, xylyl, nethoxy, ethoxy,

phenoxy, nethyl am no, and di met hyl am no.

5. The chrom um conpl ex conpound of claim 4, wherein
the R, R, R and R of the chiral ligand are each
i ndependently sel ected fromthe group consisting of phenyl,
benzyl , napht hyl , 4- et hyl phenyl , 4- et hyl phenyl , 4-
i sopr opyl phenyl , 4-t - but yl phenyl , 4- met hoxyphenyl , 4-
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i sopropoxyphenyl, 2-nethyl cycl ohexyl, 2-ethylcycl ohexyl, 2-
i sopropyl cycl ohexyl , o- et hyl phenyl , o- et hyl phenyl , o-
i sopropyl phenyl, o-t-butyl phenyl, o-nethoxyphenyl and o-
i sopr opoxyphenyl .

6. The chrom um conpl ex conpound of claim 1, wherein
the chiral ligand of Formula 1 or 2 is selected from anong
(SS9-, (RR- or neso-(phenyl),P-CH nethyl)CH nethyl)-
P(phenyl),, (S, 9-, (RR- or neso-(4-nmethoxyphenyl) ,P-
CH et hyl ) CH net hyl ) - P(4- net hoxyphenyl ) », (S, 9-, (RR- or
nmeso- ( 4- net hyl phenyl ) ,P- CH net hyl ) CH net hyl ) - P(4-
nmet hyl phenyl ),, (S, S-, (RR- or meso-(4-ethyl phenyl) ,P-
CH net hyl ) CH net hyl ) - P(phenyl ) ,, (S, S)-, (RR- or nmeso-(4-
et hyl phenyl ) ,P- CH et hyl ) CH( net hyl ) - P(4- et hyl phenyl ) 5, (S, S)-

(RR- or meso-(4-nethoxyphenyl) ,P-CH et hyl)CH nethyl) -
P(phenyl ) ,, (S9)-, (RR- or nmeso- (4- et hyl phenyl ) ,P-
CH et hyl ) CH et hyl ) - P(4- et hyl phenyl ) ,, (S9-, (RR- or
nmeso- ( phenyl ) ,P- CH et hyl ) CH et hyl ) - P(phenyl ) ,, (S9-,
(RR- or neso- ( phenyl ) ,P- CH(i sopr opyl ) CH net hyl ) -
P(phenyl ), (S, §-, (RR- or meso-(4-mnethoxyphenyl) ,P-
CH(i sopr opyl ) CH net hyl ) - P(4- met hoxyphenyl ) ,, (S, 9-, (RR-
or neso- ( 4- et hyl phenyl ) ,P- CH(i sopr opyl ) CH net hyl ) - P(4-
et hyl phenyl ) », (S,9-, (RR- or meso-(phenyl)P-CH n-
propyl ) CH net hyl )- P(phenyl ) ., (S, 9-, (RR- or neso-(4-
et hoxyphenyl ) ,P- CH n- pr opyl ) CH( net hyl ) - P(4- met hoxyphenyl ) »
(S'9) -, (RR- or neso- 4( 4- et hyl phenyl ) ,P- CH(n-
propyl ) CH net hyl ) - P(4- et hyl phenyl ) ,, (S, 9-, (RR- or meso-
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(phenyl ) .P- CH(i sopropyl ) GH(et hyl ) - P(phenyl) 2, (S, §)-, (RR-
or neso- ( 4- met hoxyphenyl ) ,P- CH(i sopr opyl ) CH et hyl ) - P(4-
met hoxyphenyl )., (S, 9-, (R R- or neso-(4-ethylphenyl) ,P-

CH(i sopr opyl ) CH et hyl ) - P(4- et hyl phenyl ) », (S, S-trans,
(R R-trans- or meso-ci s- 1, 2-di - (P(phenyl) 2) cycl ohexane,
(S, 9-trans, (R R-trans- or meso-ci s-1, 2-di - (P(4-

met hoxyphenyl ) 2) cycl ohexane, (S, S)-trans, (R R-trans- or
nmeso- ci s- 1, 2-di - (P(4- et hyl phenyl) ;) cycl ohexane, (S, S)-trans,
(R R-trans- or neso-ci s-trans-1, 2-di -
(P(phenyl ) 7)cycl opentane, (S, S)-trans, (RR-trans- or neso-
ci s-1, 2-di - (P(4- et hoxyphenyl ) ) cycl opent ane, (S, 9-trans,
(R R-trans- or neso-ci s-1, 2-di - (P(4-
et hyl phenyl ) ;) cycl opentane, (S, S§-trans, (R R-trans- or
nmeso- ci s- 3, 4-di - (P(phenyl) o) pyrrol e, (S, 9-trans, (RR-
trans- or neso- ci s- 3, 4- di - (P(4- met hoxyphenyl ) 2) pyrrol e,
(S, 9-trans, (R R-trans- or meso- ci s-3, 4-di - (P(4-
et hyl phenyl ) ;) pyrrole, (S, S-trans, (R R-trans- or neso-
ci s-3,4-di-(P(4-ethyl phenyl) ;)i mdazole, (S S-, (RR- or
neso- ( 4- et hyl phenyl ) ,P- CH di et hyl am ne) CH di et hyl am ne) -

P( 4- et hyl phenyl ) », (S'9-, (RR- or nmeso- ( 3-
met hoxyphenyl ) oP- CH et hyl ) CH et hyl ) - P( 3- met hoxyphenyl ) »,
(SS9 -, (RR- or neso- ( 4- et hoxyphenyl ) ,P-
CH et hyl ) CH net hyl ) - P( o- et hoxyphenyl ) ,, (S, 9-, (RR- or
neso- 4- ( di net hyl am nephenyl ) ,P- CH net hyl ) CH net hyl ) P( 4-

di met hyl am nephenyl ) ,, (S9-, (RR- or nmeso- (4-
et hyl cycl ohexyl ) ,PCH et hyl ) GH et hyl ) P(4- et hyl cycl ohexyl ) ,,
(SS9 -, (RR- or neso- ( 2-
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et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P( 2- et hyl phenyl ) ,, (S, S)-,
(R R - or neso-(2-isopropyl phenyl) ,PCH net hyl ) CH net hyl ) P( 2-

i sopropyl phenyl ) », (S 9 -, (RR- or nmeso- ( 2-
et hyl phenyl ) ,PCH net hyl ) CH net hyl ) P( 2- net hyl phenyl ) ,,

(S9-, (RR- or neso- ( 2-
et hyl phenyl ) ,PCH net hyl ) CH( net hyl ) P(phenyl ) ,, (S S-, (RR-
or neso- ( 2- et hyl phenyl ) ,PCH et hyl ) CH et hyl ) P( 2-
et hyl phenyl ) ,, (S 9 -, (RR- or neso- ( 2-

et hyl phenyl ) ,PCH et hyl ) CH et hyl ) P( 2- et hyl phenyl ) ,, (S 9 -,
(R R- or neso-(2-ethylphenyl) ,PCH i sopropyl)CH net hyl ) P(2-
et hyl phenyl),, (S, S-, (RR- or neso-(2-ethyl phenyl) ,PCH n-
propyl ) CH net hyl ) P( 2- et hyl phenyl ) ,, (S, S-, (RR- or meso-
(2- et hyl phenyl ) ,PCH(i sopr opyl ) CH et hyl ) P( 2- et hyl phenyl ) »,

(S, 9-trans, (R R-trans- or meso-ci s-1, 2-di - (P(2-
et hyl phenyl ) ;) cycl ohexane, (S, S-trans, (RR-trans- or
nmeso- ci s- 1, 2-di - (P(2- et hyl phenyl ) ,) cycl opent ane, (S9)-
trans, (R R-trans- or neso- ci s- 3, 4-di - (P( 2-
et hyl phenyl ) ;) pyrrole, (S, §-trans, (R R-trans- or meso-
ci s-3,4-di-(P(2-ethyl phenyl) ;)i mdazole, (S S-, (RR- or
neso- ( 2- et hyl phenyl ) ,PCH di net hyl am ne) CH di et hyl am ne) P( 2-
et hyl phenyl ) », (S'9) -, (RR- or neso- ( 2-
et hoxyphenyl ) ,PCH net hyl ) CH net hyl ) P( 2- net hoxyphenyl ) ,,
(S'9) -, (RR- or neso- ( 2-
et hoxyphenyl ) .,PCH et hyl ) CH net hyl ) P( 2- et hoxyphenyl ) ,,

(SS9 -, (RR- or neso- ( 2-
di met hyl am nephenyl ) ,PCH net hyl ) CH net hyl ) P( 2-

di net hyl am nephenyl),, and (S, 9-, (RR- or neso-(2-
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et hyl cycl ohexyl ) ,PCH et hyl ) CH et hyl ) P( 2- et hyl cycl ohexyl ) ».

7. The chrom um conpl ex conpound of claim 1, wherein
the X, X3, X or X' is selected from anmong d, Br,

acet oacetyl and 2- et hyl hexanoyl .

8. The chrom um conpl ex conpound of claim 1, wherein
the L is selected from anong tetrahydrofuran, diethylether,
tol uene, chl orobenzene, dichl orobenzene, acetyl acetone and

2- et hyl hexanone.

9. A chromum conplex catalyst conposition for
sel ective ethylene oligonerization, conprising the chrom um
conpl ex conpound of any one of clains 1 to 8 and a co-

catal yst.

10. The chromum conplex catalyst conposition of
claim 9, wherein the co-catalyst is an organoal umnum
conpound, an organoboron conpound, an organic salt, or

phosphor us.

11. The chromum conplex catalyst conposition of
claim 10, wherein the co-catalyst is nethylal um noxane
(MO, nodified nethylal umnoxane (MVAO, ethyl al um noxane
(EAO, trinethylalumnum (TMA), triethylalumnum (TEA),
triisobutylal um num (T BA), tri-n-octyl al um num

nmet hyl al um num  di chl ori de, et hyl al umnum  dichloride,
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di met hyl al um num  chl ori de, di ethyl al umnum chloride
al um num i sopropoxi de, ethylalumnum sesquichloride, or

et hyl al um num sesqui chl ori de.

12. The chromum conplex catalyst conposition of
claim 10, wherein the chrom um conpl ex and the al um noxane
are mxed such that a nolar ratio of alumnum to chromum

is 1:1 ~ 10, 000: 1

13. A nmethod of selectively preparing 1-hexene from
et hyl ene using the chrom um conpl ex conpound of any one of

clains 1 to 9.

14. A nmethod of selectively preparing 1-octene from
et hyl ene using the chrom um conpl ex conpound of any one of

clains 1 to 9.

15. The nethod of claim 13, wherein a reaction
sol vent s di et hyl et her, t ol uene, chl or obenzene,

di chl or obenzene, acetyl acetone, or mxtures thereof.

16. The nethod of claim 14, wherein a reaction

sol vent s di et hyl et her, t ol uene, chl or obenzene,

di chl or obenzene, acetyl acetone, or mxtures thereof.

54



