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Abstract

Nickel(Il)-diiminophosphorane complexes combined with alkylaluminum co-catalysts are active for the oligomerization of ethylene
under biphasic reaction conditions. As observed in homogeneous phase, the selectivity (dimers vs higher oligomers) is related to the
nature of the diiminophosphorane ligands. In-butyl-3-methylimidazolium organoaluminate ionic liquids, an enhancement of the catalytic
activity and convergence of the selectivity are observed upon repeating cycles. These data suggest that organoaluminate anions replace tt
diiminophosphorane ligands in the coordination sphere of the active nickel species.
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1. Introduction more directly in the catalytic process. Herein, we present
experimental evidence of catalyst modificatioma ligand
The problem of separating solvents and catalysts from exchange involving classical ionic liquids.
reaction products is a major issue in homogeneous catalysis. Olefin oligomerization is a major industrial process [5]
Biphasic technologies can overcome this difficulty and ionic and nickel complexes are the most frequently employed cat-
liquids, which are not miscible with organic derivatives, have alysts [6]. High-performance Ni catalysts that selectively
recently emerged as versatile catalyst solvents [1,2]. produce oligomers have been obtained by tailoring the sur-
The oligomerization of olefins is a prominent example rounding ligands [5]. We have shown that diiminophospho-
among biphasic technologies in which the oligomers and the rane Ni(ll) complexe4—4 (Scheme 1), combined with alkyl-
organoaluminate ionic liquid form immiscible layers. After aluminum co-catalysts, are highly active for the ethylene
the desired reaction time, the upper phase can be withdrawnpligomerization in homogeneous phase [7].
and the catalyst is quantitatively retained in the reactor as a  Of particular interest is the fact that the oligomer distrib-
solution in the ionic liquid. A fresh olefin is fed, initiating the  ution varies in a wide range depending on the ligand carbon
second cycle of the reaction, and this procedure is repeatecdbackbone nature. These characteristics make these systems
successively for long residence runs. good candidates for the study of the fate of Ni active species
Intriguing dependencies of the catalyst behavior on the in ionic liquids.
nature of the anions that constitute the ionic liquids have
been observed [3,4]. These feature raised the question of
whether ionic liquids act only as solvents or can participate 2. Experimental
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pressure and chlorobenzene was distilled over 3 A molecularbiphasic conditions, the catalytic systems were examined at
sieves, immediately prior to use. Diethylaluminum chloride atemperature of 10C, under an ethylene pressure of bar
(AIEt2CI) was purchased from Aldrich and was used as re- and a reaction time of 2 h (Table 1).
ceived. Complexe$—4 have been synthesized as previously Nickel(ll)-diiminophosphorane complexés4 are highly
described [7]. active for ethylene oligomerization under mild reaction con-
Ethylene oligomerization reactions were performed in ditions both in homogeneous and biphasic conditions (Ta-
a 120-ml double-walled glass reactor equipped with mag- ble 1). The results observed in chlorobenzene (entries 1, 5,
netic stirring and a thermocouple, with continuous feed of 8, 12) follow the previously established general trends, al-
ethylene at 11 bar. The reaction temperature was controlled though the reaction conditions are quite different [7]. A dra-
by a thermostatic circulation bath. A typical reaction run was matic evolution of the catalytic activity and oligomer distri-
performed by introducing 90 pmol of the nickel (II) com- bution was observed upon repeating catalytic runs in ionic
plex in 20 ml of cyclohexane. The system was saturated with liquids (Table 1). With all the pre-catalysts4, a regular in-
ethylene, and then 3 ml of A-butyl-3-methylimidazolium  crease of the catalytic activity, estimated by the turnover fre-
organochloroaluminate (Scheme 2), synthesized as previ-quency (TOF), was recorded (Fig. 1). The TOF's after three
ously described [8] and represented as MBI-Al, were added cycles are nearly three times as high as the first cycle values.
for the biphasic runs, or a solution of AlEl for the ho- Different factors, such as modification of the polarity of
mogeneous runs (ANi molar ratio of 70). The ethylene the medium [10] or of the aluminum counteranions [11], can
pressure is maintained at the desired value and continuouslycontribute to this rate enhancement. However, this evolu-
fed. After 2 h, the stirring was stopped and the phases weretion can also be due to displacement of the diiminophospho-
allowed to separate. The upper organic layer was removedrane ligands leading to new highly active catalytic species.
by means of a cannula. The second cycle started by represThis last hypothesis is supported by comparison of the dis-
surization of the reactor. The organic phase was weighedtribution of dimers (mainly internal butenes) and higher
and analyzed by gas chromatography. This chromatographicoligomers upon repeated cycles. As observed in homoge-
analysis was performed on a Varian 3400CX equipment, neous phase, the selectivity iry @aries in a wide range
with a Petrocol HD capillary column (methyl silicone, 100m  (30-49%) according to the nature of the diiminophospho-
long, i.d. 0.25 mm, and film thickness 0.5 um) working at rane ligands (Fig. 2). In contrast, after three cycles all the
36°C for 15 min and then heating to 28Q at a rate of  C, selectivities converged to the same value of2B% (Ta-
5°CminL. ble 1, Fig. 2). The selectivities in higher oligomers (G,
Table 1) also regularly increased upon repeating cycles and

3. Resultsand discussion 6 -
Complex 1
Organoaluminate-based ionic liquids were selected for ¢
this study because (i) we are using a Ziegler—Natta type cat-3
alytic system and (ii) biphasic technologies using nickel cat-
alysts working in organoaluminate dialkylimidazoliumionic
liquids have proved to be extremely attractive from both the
economic and industrial points of view [9]. The ionic liquid
was formed by mixing equimolar quantities of dialkylimida-
zolium chloride and AlJ{ followed by addition of AIE4CI
co-catalysts, achieving an Al molar fraction of 0.57 [8]. In
order to establish reliable comparisons between the experi-
ments conducted under homogeneous (chlorobenzene) and
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Fig. 1. Evolution of the turnover frequency of complexiegl in MBI.Al
Scheme 2. upon repeating cycles.
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Table 1
Ethylene oligomerization with complexés4 under homogeneous and biphasic conditions
Entry Solvent Complex Cycfe Yield TOP? Cy Cs_12
(@) x1073 (h1) Total/% a%1% Total/%
1 PhCI 1 — 25 4.7 36 2 64
2 MBI-Al 1 1st 94 1.9 31 7 69
3 MBI-Al 1 2nd 18 3.6 24 7 76
4 MBI-Al 1 3rd 28 54 25 7 75
5 PhCI 2 — 15 3.0 58 1 42
6 MBI-Al 2 1st 85 1.7 40 7 50
7 MBI-Al 2 3rd 20 4.0 24 6 76
8 PhCI 3 — 16 3.2 51 1 49
9 MBI-Al 3 1st 96 1.9 30 8 70
10 MBI-Al 3 2nd 14 2.8 29 7 71
11 MBI-Al 3 3rd 22 4.3 26 1 74
12 PhCI 4 — 9.2 1.8 64 6 36
13 MBI-Al 4 1st 8 1.6 49 6 51
14 MBI-Al 4 2nd 12 2.4 32 5 67
14 MBI-Al 4 3rd 24 4.7 25 5 74

Reaction conditions: magnetically stirred 120 ml double-walled glass reactor, constant ethylene presdubamai90 pmol of nickel complex, 20 ml of
cyclohexane, 10C, 2 h, 3 ml of 1xn-butyl-3-methylimidazolium organochloroaluminate.

@ Biphasic runs: 1st cycle performed with 20 ml of cyclohexane, 2nd and 3rd cycles performed without addition of solvents.

b TOF = turnover frequency: mol of ethylene converted by mol of Ni-complex and by hour.

¢ « = alpha olefin content in the {fraction, i.e., 1-butene.

are higher than those obtained in the homogeneous phaséut less selective Ni-systems containing organoaluminate
(Table 1). anions as ligands.

These data strongly suggest that the diiminophospho- Our results show that these chloroaluminates counteran-
rane ligands are slowly displaced from the Ni-coordination ions can displace tightly bound chelates such as diimino-
sphere by other ligands, leading to a unique type of ac- phosphoranes. In conclusion, organoaluminate ionic liquids
tive species. It is clear that in the ionic liquid most co- are not suitable solvents for Ziegler—Natta type Ni catalysts
ordinating species are chloroaluminate anions, of generalmodified by classical neutral organic ligands.
formula (AICl4_Et,)~ [12], arising from the equilibrium
between AIC}~ and AIELCI. Furthermore, complexes in
which a Ni center is linked to chlorine atoms of alumi- Acknowledgments
nate species are known [13]. Thus, we propose that the
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