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pleses were claimed. In WO 2003004158, Cr(II) complexes such as chromium(Il)acetate were



The selective ethylene trinmerization and tetranerization catal ysts and
processes known generally have to cope wth sone di sadvantages. The

catal ysts show only | ow selectivities to the desired products 1-hexene
and/or 1l-octene due to by-products from side reaction cggg&gbsmg ther
limted purl‘w FOEP Y he products are obtained, i.e. the Sa
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formation, etc.. Also wax formation, i.e. formation of heavy, |ong-chain,
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being formed fromone or nore constituent conpounds of structures (A) or
(B) by substitution, i. e. by formally elimnating per constituent conpound

either two whol e groups R1-12.7 (as defined) or H, one atom from each of
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Cs- or Cg-cut due to isomerization, branched olefin formation, etc.. Also wax formation, i.¢.
formation of heavy, long-chain, high carbon-number products is detected. This is also true for
polymer formation (polyethylene, branched and/or cross-linked polyethylene) leading to con-
siderable product yield loss and fouling of equipment. Further it has to be mentioned that
prior art processes only show poor turnover rates and catalyst activity resulted in high cost per
kg product. Prior art catalysts and ligands are usually to be prepared with high costs. Ligands
are usually difficult to synthesize, resulting in poor availability and high catalyst cost. The
catalyst performance is highly susceptible to trace impurities, and the catalyst components are

often difficult to handle in technical environment. The prior art processes usually require



Most preferably, the binuclear chrom umconplex is selected from WO
20091068157PCT/ EP2008/ 009305 - 5 - 6 NN Cr--Cr NNNNy -?2./..

WO 2009/668157 PCT/EP2008/009305

harsh reaction conditions, i.e. high temperatures and pressures, resulting in high invest, main-

tenance and energy costs. Finally, high costs are also to be expected for co-catalyst/activator.

1t is therefore an object of the present invention to overcome the difficulties of the prior art
and to provide a catalyst composition showing improved selectivities and purities in the oli-
gomerization of ethylene without formation of wax or polymer, showing rather improved

turnover rates with fair costs for preparing catalyst and ligand.

Additionally, a process for the oligomerization of ethylene shall be provided.

The first object is achieved by a catalyst composition comprising: (a) a binuclear chro-
mium(I]) complex; (b) a ligand of the general structure (A) RyRoP-N{R3)-P(R4)-N(Rs)-H or
(B) RiR2P-N(R3)-P(R4)-N(R;5)-PRgR7, wherein Ry, Ry, R;, R4, Rs, Rg and Ry are independ-
ently selected from halogen, amino, trimethylsilyl, C;-Cip-alkyl, aryl and substituted aryl,
wherein the PNPN- or PNPNP-unit is optionally part of a ring system; and (c) an activator or

co-catalyst.

As is to be understood, any cyclic derivatives of (A) and (B) can be utilized as ligand,
wherein at least one of the P or N atoms of the PNPN-unit (structure (A)) or PNPNP-unit
(structure (B)) is a ring member, the ring being formed from one or more constituent com-
pounds of structures (A) or (B) by substitution, i. ¢. by formally eliminating per constituent
compound either two whole groups Rj-Ry (as defined) or H, one atom from each of two
groups R;-R; (as defined) or a whole group R;-R7 (as defined) or H and an atom from another
group R;-Ry (as defined), and joining the formally so-created valence-unsaturated sites by one
covalent bond per constituent compound to provide the same valence as initially present at a

given site.

Preferably, the chromium complex has a Cr-Cr-bond or two chromium centres are connected

via a bridging ligand.



7 8 WD 2009/ 068157PCT/ EP2008/ 009305 - 6 - In another enbodi ment, the
activator or co-catalyst is selected fromtrinethyl alumnium triethyl
alum nium triisopropylalum num triisobutyl alum nium ethylalun num
sesqui chl or| yl al um num chl ori de, ethyl al um ni e,
met hyl al um %ﬂg&%bac» or m xtures thereof The |igand #gbggeﬂgéﬁggted from
(Ph)2P-N(i-Pr) P(CH3) - N(i-Pr)-H, (Ph)ZﬁrN(i-Pr)-P(Ph)-N(lPr) H,

(Ph) 2P-NO- Pr) - P(Ph) - N(Ph) - H, (Ph)2P-NG PO P(Ph)-N(tert-butyl)-H and
(Ph)2P-N(i Pr)-P(Ph)-N(CH(CH3) (Ph))-H. Preferably, the catal yst conposition
conpr i seMaest poifarghty, thatbinwieansdyobains edrageed s¢leoed Beromat i ¢ hydr ocar bons,
straight-chain and cyclic aliphatic hydrocarbons, straight-chain ol efins
and ethers, preferably toluene, benzene, ethyl benzene, cunene, xylenes,
mesi tyl ene, hexane, octane, cycl ohexane, nethyl cycl ohexane, hexene,

hept ene, octene, diethylether or tetrahydrofurane or m %eS thereof, nost
preferably tolu second object of the invention_i eved by a
process for oI ﬁLq§|0n of ethyhgﬂbﬁ\conpr|3|n ¢ ya catal yst
conposition ac 0 the invgntiton to .4\ gas phase, f ekh¥fl ene in a
reactor and cogghﬂﬁhﬁétan oligo rl%atTUﬁfjbreferab H ollgonerlzatlon
is carried at a/br siwe of Ito 0 ef erably ;G‘f bar. Also

preferred, t he® Pization is car™¥ed at a te fron110 to
200C, preferabl 20 tlo 100C.
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I n one enbodi ment, the process is carried out continuously,

sem -conti nuously or discontinuously. W 20091068157PCT/ EP2008/ 009305 - 7
- Most preferred, the process is a trinerization or tetramerization.
SurprisinglﬁK;ﬁmimaasjound that a process for oligonerizgtdpihdeslshy! ene
utilizing t I nventive catal yst COﬁpO?ItIOﬂ avoi ds the roag spect r um of
LAO products and allows for the seleciive production of the economically
nost desired products, nanmely 1-hexene and 1-octene. Unprecidented high
sel ectivity, purity and sufficiently high active/turnover frequency are

achi eved. The curre |nvent|on i$ based on the fact that the selective
tetranerlzatlo erne to 1 oct e and the trinerization of ethylene
to 1-hexene can NNV by using a binuclear transition
met al conpl ex, onucle r transition nmetal conpl ex, whose
nechanlsn1|nvolv s aIIocycIononanes and

'veI t hout wi shing to be bound to any
K2 bi nucl ear chrom um conpl exes utilized in
ani smis suggested wherein the reaction

netallacyclohept nes egp@

theory, it is assu d t hat
a tetramerization regaetion a

proceeds via mnetal Focycigpent anes ich the C4-chain dinerizes to a
saturated Cs-chain betwee e netal centers as illustrated in the
foll owing scheme: -0.- . C MO
6
(\N/j (\N/j
N/LN N)\N
~ ,;><”:,»”

In one embodiment, Ry, R,, R3, R4, Rs, Rg and Ry are selected from chloro, amino, trimethyl-

silyl, methyl, ethyl, isopropyl, tert-butyl, phenyl, benzyl, tolyl and xylyl.



-octene The above nechanismis characterized by the novel principle of a
di nucl ear reductive elimnation fromchromun(ll) via chromun(J) to
chromium(0) |eading to 1-octene. The catal yst conposition according to the

pr esent inv§ﬂ$@§ﬂ%ﬁﬁg be tuned by suitable ligands to tpgﬁggﬁﬁﬁ%gﬁngiple

of di nucl ea ve elimnation fromchromun(0) via

chrom um(0) (case: neutral ligands) or®fromchromun(l)/(l11) via
chromum(11)/ (1) to chromun(l)/(0) (case: anionic |igands) | eading
selectively to 1-hexene: WO 2009/ 068157PCT/ EP2008/ 009305 - 8 - 1

- hexene Addinpthonemhbodimént, thasieByater ors¢omeptalyst du priectasafromHametial plusdnip®dn of a
tridentatel] . such. = NG 1) - :
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( ( pheny 1)rRENdietglahopyin Rhlohidaydthlilunsiopnogighlp)ide, Whdthylaumipoxéne MaGeer | i gand
in the catabgsthcoqposition resulted in a high selectivity towards the

t et r aner i"VAMFBA B et hyl ene, whereas the latter ligand resulted in a high
selectivity for the trinerization or tetramerization of ethyl ene dependi ng
on the substituents, as wll be shown below in the exanples section.

The ligand may be selected from (Ph),P-N(i-Pr)-P(CH;)-N(@i-Pr)-H, (Ph),P-N(i-Pr)-P(Ph)-N(i-
Pr)-H, (Ph);P-N(i-Pr)-P(Ph)-N(Ph)-H, (Ph),P-N(i-Pr)-P(Ph)-N(tert-butyl)-H and (Ph);P-N(i-
Pr)-P(Ph)-N(CH(CH;){Ph})-H.

Preferably, the catalyst composition comprises a solvent, which may be selected from aro-
matic hydrocarbons, straight-chain and cyclic aliphatic hydrocarbons, straight-chain olefins
and ethers, preferably toluene, benzene, ethyl benzene, cumene, xylenes, mesitylene, hexane,
octane, cyclohexane, methylcyclohexane, hexene, heptene, octene, diethylether or tetrahydro-

furane or mixtures thereof, most preferably toluene,

A second object of the invention is achieved by a process for oligomerization of ethylene,
‘comprising subjecting a catalyst composition according to the invention to a gas phase of eth-

ylene in a reactor and conducting an oligomerization.
Preferably, the oligomerization is carried at a pressure of 1 to 200 bar, preferably 10 to 50 bar.

Also preferred, the oligomerization is carried at a temperature of from 10 to 200°C, preferably

20 to 100°C.

In one embodiment, the process is carried out continuously, semi-continuously or discontinu-

ously.

The mean residence time may be from 10 minutes to 20 hours, preferably 1 to 4 hours.



In other words, the inventive process results in the production of 1-octene
and 1-hexene with high turnover rate and selectivity. An easy sw tchover
from 1-octene to 1-hexene production by using specific |ligands can be
easily obtah&gﬂmmﬁgggher, a high reproduceability is ObPéﬁ@Eﬂmmﬁags t he
catal yst systemis stable against interference frominpurities an
fluctuations in process conditions. Foffation of wax and polynmers is well
suppressed. Additionally, in the inventive process slight reaction
conditions may be enployed, consequently resulting in |ow investive costs
for techiMaeshpretead.dhqpragass sridringrization ogietramerizpet-at i on costs. Additi onal
advant ages and features of the present invention wll becone apparent from
the follow ng detailed description on the basis of exanples. WO

2009/ 068157PCT/ EP2008/ 009305 - 9 - Preparation of Ph2P1\1(i-Pr)PMeNH(i-Pr):
2,21 g ofumkisipgly i wo faves thatgerroedsiiryliserawstration of ehyiangrugiliging thegpvegtive

MeP( NH(i < I : = il
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After ev L ; il I I L. emai ned.
i el d: *BOREuR ARk RE iRl b RPN e A AEHR B R E
conpl exes Exanple 1:

Et hyl enetrincrizationusing{[(i-Pr)zN C[p.-(i-Pr)2N112,

((Pheny Lrzbbn <10 i eRATS BRLEYH)N rabt 1n3ORE ARV (RS4RI A MRE R A 300
m pressure reactor, equipped wth dip tube, thernowell, gas éntral nnent
stirrer, ogfonsl dndghacsinerizaton ofsithylenetts 1flokeneaap progeed morepfBeienilyebyausthgst i rrer

speed (a t COuI.Sist1 O J-nect i i .th dry
orgon andrpPR EeiBy GeB AR LS e 3 o N Rl MARGLOF Wk BT, 1Y,
( ( pheny 12 inscpniopy invB{veh emybhilées apetaline®dlonimadd add nheltaileoelokestagenbi ned
W th 65.9 m i-Pr)21\11Crb..t-(i-Pr)2N))2 (0.13 mmol ) under an argon

bl anket . "t %talyst solution was transferred to the reactor under
constant argon flow, along with 3.6 m of a 1.9 npl/1 solution of
triethylalum niumin tol uene.

g

Without wishing to be bound to any theory, it is assumed that for the binuclear chromium
complexes utilized in a tetramerization reaction a mechanism is suggested wherein the reac-
tion proceeds via metallocyclopentanes which the C4~chain dimerizes to a saturated Cg-chain

between the metal centers as illustrated in the following scheme:

= S - ks,
\/,M—FCMWOM—O--)— Q l

1-octene

The above mechanism is characterized by the novel principle of a dinuclear reductive elimina-

tion from chromium(II) via chromium(l) to chromium(0) leading to 1-octene.

The catalyst composition according to the present invention can be tuned by suitable ligands
to the novel principle of dinuclear reductive elimination from chromium(0) via chromiuml) to
chromium(0) (case: neutral ligands) or from chromium(I)/(I]) via chromium{I)/(I) to chro-

mium(I)/(0) (case: anionic ligands) leading selectively to 1-hexene:



The reactor was seal ed, pressurized with 30 bar dry ethylene and heated to
50C. Wiile stirring at 1200 rpm the ethylene conmsunpti on was nonitored by
the data acquisition systemand an el ectronic bal ance by constantly

wei ghing th pressure cylinder. After 120 mn .me, the
reaction in%vﬁgﬂ¥%%g§d phase was quencged by transferrlﬁgiFﬁﬁm?ﬁgﬁ#d

i nventory by neans of the ethylene préssure to a glass vessel filled with
approx. 100 ml of water. The entire gas phase fromthe reactor's head space
was quantified by a calibrated gas neter and was then coll ected
guantitatively in a purged and evacuated gas bag. WO

2009/ 068157PCT/ EP2008/ 009305 - 10 - After separation of the liquid organic
phase, the total mass was deternm ned by wei ghing. Subsequently, the
conposition of the organic phase was anal yzed separately by GO FID. Based
on the measured data, the mass bal ance was cl osed and the overall yields
and selectivities were determ ned. The product distribution of this exanple

is sunmarized in Table 1. Conparative anple 2:
Et hyl enetri neri zat ROHUSI Cl 3( tetFa ofurane)
((phenyl) 2PN(i s po nyTTNH(ls pr )) andﬁ ﬁ&lalun1nun1ln

anal ogy to Exanpl 1 a 300 m pressure r or was fjlfed with 100 n
anhydrous toluene. A solution of 81.7 ng (0.2 mvl)

aphenyl) 2PN(i sopr opyl ) P(phenyONFI (i sopropyl)) in 10 I éoluene was conbi ned
with 50.0 nmg (0.13 mmmol ) CrCl 3(tetrahydroftiran)3 under: a argon bl anket .
This catal yst solution was transferred to the reactor along with 3.6 m of
a 1.9 nol/1 solution of triethlaluniniun1in toluene The reactor was
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morke?euFgﬁ?guﬁﬂm?%@&@yﬁ&#ﬂ&mynphﬁdnabmﬂ&wiFhﬁgﬁpgﬁﬂ¢hndus%ﬂsbgzrfc??f ;2;5
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ligand in the cataiyst composition resulted in a high selectivity towards the tetramerlzation of

ethylene, whereas the latter ligand resulted in a high selectivity for the trimerization or
tetramerization of ethylene depending on the substituents, as will be shown below in the ex-

amples section.

In other words, the inventive process results in the production of 1-octene and 1-hexene with
high turnover rate and selectivity. An easy switchover from 1-octene to 1-hexene production
by using specific ligands can be easily obtained. Further, a high reproduceability is obtained,
e.g. the catalyst system is stable against interference from impurities and fluctuations in proc-
ess conditions. Formation of wax and polymers is well suppressed. Additionally, in the inven-
tive process slight reaction conditions may be employed, consequently resulting in low inves-

tive costs for technical-scale plant and low energy and operation costs.

Additional advantages and features of the present invention will become apparent from the

following detailed description on the basis of examples.

A ligand to be used in the inventive catalyst composition may be prepared as follows:



Activity, kg prod./g C C6-Yield, wt% Cg-Yield, wt% 1-hex in C6 1 145 88 1
99.0 34

WO 2009/068157 PCT/EP2008/009305
-9-

Preparation of PhyPN(i-Pr)PMeNH(i-Pr): 2,21 g of PhyPCl (10 mmol) was slowly added to a
mixture of 1,62 g MeP(NH(i-Pr)); (10mmol) (Eur. J. Inorg. Chem. 1999, 12, 2355-68) and
5ml triethylamine in 15 ml toluene at 0°C. The solution was stirred for additional 2h at r.t. and
then filtered to remove the amine-hydrochloride. After evaporation of the volatile compounds

in vacuo a sticky cil remained. Yield: 80%

3P_.NMR (CgDs): 33.7, 57.6 (broad)

Trimerization by binuclear complexes

Example 1:

Ethylene trimerization using HE-Pr)N]Cr[p-(i-Pr):N}}2,
((phenyl);PN(isopropyl)P(phenyl)NH(isopropyl)) and triethylaluminum

A 300 ml pressure reactor, equipped with dip tube, thermowell, gas entrainment stirrer, cool-
ing coil, control units for temperature, pressure and stirrer speed (all hooked up to a data ac-
quisition system) was inertized with dry argon and filled with 100 m! anhydrous toluene.
Then 81.7 mg (0.2 mmol) of {(phenyl);: PN(isopropyl)P(phenyl)NH(isopropyl})) in 10 ml tolu-
ene was combined with 65.6 mg {[(i-Pr);N]Cr[p-(i-Pr)}2N]}; (0.13 mmol) under an argon
blanket. This catalyst solution was transferred to the reactor under constant argon flow, along

with 3.6 ml of a 1.9 mol/l solution of triethylaluminium in toluene.

The reactor was sealed, pressurized with 30 bar dry ethylene and heated to 50°C. While stir-
ring at 1200 rpm, the ethylene comsumption was monitored by the data acquisition system
and an electronic balance by constantly weighing the ethylene pressure cylinder. After 120
min residence time, the reaction in the liquid phase was quenched by transferring the liquid
inventory by means of the ethylene pressure to a glass vessel filled with approx. 100 ml of
water. The entire gas phase from the reactor’s head space was quantified by a calibrated gas

meter and was then collected quantitatively in a purged and evacuated gas bag.
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Comparative Example 2:

Ethylene trimerization using CrCli(tetrahydrofurane);,

({(phenyl),PN(isopropyl)P(phenyl)NH(isopropyl)) and triethylaluminum

In analogy to Example 1 a 300 ml pressure reactor was filled with 100 ml anhydrous toluene.
A solution of 81.7 mg (0.2 mmol) of {(phenyl);PN(isopropy!)P(phenyl)NH(isopropyl)} in 10
mi toluene was combined with 50.0 mg (0.13 mmol) CrCls(tetrahydrofuran); under a argon
blanket. This catalyst solution was transferred to the reactor along with 3.6 mi of a 1.9 mol/l
solution of triethlaluminium in toluene. The reactor was sealed, pressurized with 30 bar dry
ethylene and heated to 50°C. After 120 min residence time while stirring at 1200 rpm the re-
action mixture was wofked up and analyzed as mentioned above. The product distribution of

this example is summarized in Table 1.
The comparison shows higher activity for binuclear complexes.

Table 1. Ethylene trimerization runs

Example Activity, kg C¢-Yield, wit% Ce-Yield, wt% 1-hex in Cg
prod./g Cr
1 145 88 1 99.0
2 34 89 1 99.0

Tetramerization by binuclear compounds
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Ethylene tetramerization using {I(i-Pr);N]Cr{u-(i-Pr):Nj}}z,
((phenyl); PN(isopropyl)P(methyl)NH(isopropyl)) and triethylaluminum

In analogy to Example 1 a 300 ml pressure reactor was filled with 100 ml anhydrous toluene
and a solution of 69.3 mg of ((phenyl);PN(isopropy!)P(methy)NH(isopropyl)} (0.2 mmol) in
10 ml toluene together with 65.6 mg {{(i-Pr)2N]Cr{p-(i-Pr)aN]}2 (0.13 mmol). After adding
3.6 ml of a 1.9 M solution of triethylaluminum in toluene the reactor was sealed, pressurized
with 30 bar dry ethylene and heated to 50°C. After 120 min residence time while stirring at
1200 rpm the reaction mixture was worked up and analyzed as mentioned above. The product

distribution of this example is summarized in Table 2.
Comparative Example 4:

Ethylene oligomerization using CrCli(tetrahydrofuran);,

((phenyl);PN(isopropy)P(methy)NH(isopropyl)} and triethylaluminum

In analogy to Example 1 a 300 ml pressure reactor was filled with 100 ml anhydrous toluene
and a solution of 69.3 mg of ((phenyl)2PN(isopropyl)P(methy )NH(isopropy!)) (0.2 mmol) in
10 ml toluene together with 50.0 mg CrCls(tetrahydrofuran); (0.13 mmol). After adding 3.6
ml of a 1.9 M solution of triethylaluminum in toluene the reactor was sealed, pressurized with
30 bar dry ethylene and heated to 50°C. After 120 min residence time while stirring at 1200
pm the reaction mixture was worked up and analyzed as mentioned above. The product dis-
tribution of this example is consistent with a Schulz-Flory distribution and summarized in

Table 2.

Table 2. Ethylene tetramerization runs
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3 21 8 82 98.0 98.0
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As can be seen from the examples, by changing the ligand utilized in the catalyst composition

an easy switch from trimerization (Example 1 and 2) to tetramerization (Example 3) may be

achieved. Furthermore by using binuclear chromium(Il) complexes an easy switch from unse-

lective oligomerization (Example 4) to tetramerization (Example 3) is possible.

The features disclosed in the foregoing description and in the claims may, both separately and

in any combination thereof, be material for realizing the invention in diverse forms thereof.




98.0 As can be seen fromthe exanples, by changing the ligand utilized in
the catal yst conposition an easy switch fromtrinerization (Exanple | "and
2) to tetranmerization (Exanple 3) may be achi eved. Furthernore by using
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(2) a binuclear chromium(Il) complex;

(b) a ligand of the general structure
(A) RiRzP-N(R3)-P(R4)-N(Rs)-H or
(B) RiR2P-N(R3)-P(R4)-N(Rs)-PR¢Ry,

wherein Ry, Ry, R3, Ry, Rs, Rg and Ry are independently selected from
amino, C,-Cig-alkyl, aryl and substituted aryl, wherein the PNPN- or
PNPNP-unit is optionally part of a ring system, wherein at least one of
the P or N atoms of structure (A) or structure (B) is a ring member, the
ring being formed from one or more constituent compounds of structures
(A) or (B) by substitution by formally eliminating per constituent com-
pound either two whole groups R(-R; or H, one atom from each of two
groups Ry — R or a whole group Ry-Ry or H and an atom from another group
Ri-Rs, and joining the formally so-created valence-unsaturated sites by
one covalent bond per constituent compound to provide the same valence

as initially present at a given site; and
(c) an activator or co-catalyst.

2. Catalyst composition according to claim 1, wherein the chromium complex has a Cr-

Cr-bond or two chromium centers are connected via a bridging ligand.
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6 4. Catalyst conposition according to any of the preceding clains,
wherein RI, R7, R3, R4, R5, 126 and R7 are selected fromam no, nethyl,
ethyl, isopropyl, tert-butyl, phenyl, bengyl, tolyl and xylyl. - 16 - 5.
Cat al yst conposition according to any of the preceding clains, wherein the
activator or co-catalyst is selected fromtrinmethyl alumnium triethyl
alum nium triisopropyl alum num triisobutyl alum nium ethylalum num
sesqui chl ori de, diethylalum numch]oride, ethyl alum niumdichloride,
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(Ph) 2P- N(i - Pr) - P(Ph) - N( Poy<H,_~(Ph) 2P, N(i - Pr)-P(Ph) -N(tert-butyl)-H and
(Ph)2P—N(iPr)-P(PEL Php- 7. Catal yst conposition according to
any of the precedin \Elains ita4onal |y conprising a solvent. 8. Catalyst
‘conposition accordLﬁ%» o claim Z{wherein the solvent is selected from
aromati ¢ hydrocar bofis, zfgéighftch in and cyclic aliphatic hydrocarbons,
straight-chain ol efins an ers. 9. Process for oligonerization of

et hyl ene, conprising subjecting a catalyst conposition according to any of
the clains 1 to 8 tb a gas phase of ethylene in a reactor and conducting an

ol igoneri zation at a tenperature of from20 to 100C. 10. Process according
to claim9, wherein the oligonerization is carri'ed at a pressure of 1 to
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4. Catalyst composition according to any of the preceding claims, wherein R, Ra, R3, R4

Rs, Rs and Ry are selected from amino, methyl, ethyl, isopropyl, tert-butyl, phenyl,
benzyl, tolyl and xylyl.



12. Process according to any of the claims 9 to 11, wherein the mean
residence tine is from10 mnutes to 20 hours. 13. Catal yst conposition,
obt ai nabl e by conbining at least: - 1t7L (a) a b| nucl ear chromun(l11)
conplex; (b) a ligand of the general ?ucture _
RI R2P- N(R3) - P(114)-N(12.6)-H or (B) R2P-N(R3) - P(R4)-N(R5)-PR6R7, Wher ei n
RI R2, R3) Rel, Rs, R6 and R7 are independently selected from am no,

-G o-al ky., Cﬁély'it c@ﬁ@oﬁﬁ@ﬁédo&ﬂdﬁ@qo%y lof th‘é’f})‘?&ro@&:ﬂg Hﬁﬁn? Wyfelrp{ 3 NN uni t

| tionall art of ring system as defined inh cl
S op y (E)r co- cataiyst is sele%tedyfrom trimethyl aluminium, triethyl alum:mum triisopropyt
aluminum, triisobuty! aluminium, ethylaluminum sesquichloride, diethylaluminum

chloride, ethyl aluminium dichloride, methylaluminoxane (MAO) or mixtures thereof.

6. Catalyst composition according to any of the preceding ciaimé, wherein the ligand is
selected from  (Ph),P-N(i-Pr)-P(CH3)-N(i-Pr)-H, (Ph);P-N(i-Pr)-P(Ph)-N(i-Pr)-H,
(Ph)2P-N(i-Pr)-P(Ph)-N(Ph)-H, (Ph),P-N(i-Pr)-P(Ph)-N(tert-butyl)-H and (Ph),P-N(i-
Pr)-P(Ph)-N(CH(CH;)(Ph))-H.

7. Catalyst composition according to any of the preceding claims additionally comprising

a solvent.

8. Catalyst composition according to claim 7, wherein the solvent is selected from aro-
matic hydrocarbons, straight-chain and cyclic aliphatic hydrocarbons, straight-chain

olefins and ethers.

9. Process for oligomerization of ethylene, comprising subjecting a catalyst composition
according to any of the claims 1 to 8 to a gas phase of ethylene in a reactor and con- -

ducting an oligomerization at a temperature of from 20 to 100°C.

10. Process according to claim 9, wherein the oligomerization is carried at a pressure of 1
to 200 bar.

11. Process according to claim 9 or 10, wherein the process is carried out continuously.

12. Process according to any of the claims 9 to 11, wherein the mean residence time is

from 10 minutes to 20 hours.

13. Catalyst composition, obtainable by combining at least;



(c) an activator or co-catalyst.

- 17 -
(a) a binuclear chromium(Il) complex;
(b) a ]?gand of the general st;uctu:e
(A) RyRoP-N(R3)-P(R4)-N(Rs)-H or
(B) RiRyP-N(R3)-P(R4)-N(Rs)-PRsRy,

Wherein Ry, Ra, Rs, Ry, Rs, Rg and Ry are independently selected from
amino, C;.-Cjg-alkyl, aryl and substituted aryl,
wherein the PNPN- or PNPNP-unit is optionally part of a ring system,

as defined in claim 1; and

(c) an activator or co-catalyst.



