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Nickel ethylene polymerization catalysts 1a,b bearing a P,P-
ligand with two sp2-hybridized phosphorus atoms have been
synthesized; their structure and polymerization studies have
been reported for the first time.

The search for new homogenous ethylene polymerization
catalysts with late transition metals is rapidly moving into the
family of unusual sp2-hybridized phosphorus ligands. For
example, platinum and palladium complexes active in ethylene
polymerization with diphosphinidenecyclobutene ligands were
reported recently.1 1,4-Diphospha-1,3-butadienes are low-
coordinated di-phosphorus analogs of a-diimines, and are a key
feature in the discovery of new late transition metal ethylene
polymerization catalysts (trademarked the Versipol catalyst
system by DuPont).2 Low-coordinated phosphorus ligands3 can
participate in metal-to-phosphorus p-back-bonding, which
could result in more thermally stable catalyst systems then those
based on a-diimines.1

In this report, we describe the synthetic approach to,
structures, and catalytic properties of h3-allyl(1,4-bis[2,4,6-
tri(tert-butyl)phenyl]-1,4-diphospha-(1,3)-butadiene)-
nickel(1+) tetrakis[3,5-bis(trifluoromethyl)phenyl]borates(12)
1a,b. The above complexes were obtained by the reaction of an
(E,E)-stereoisomer of 1,4-bis(2,4,6-tri(tert-butyl)phenyl)-
1,4-diphospha-1,3-butadiene4 2, p-allylnickel halide dimers
3a,b5 and sodium tetrakis[3,5-bis(trifluoromethyl)phenyl]bor-
ate 4 (Scheme 1). The complexes 1a and 1b were isolated as
green crystals in 95% and 42% yields after recrystallization
from methylene chloride. Both of them were characterized by
NMR spectroscopy and elemental analysis.6

The X-ray structure of 1a (Fig. 1)‡ shows the nickel atom has
4-coordinate square planar stereochemistry with the chelating

1,4-diphospha-1,3-butadiene ligand and formally bidentate p-
allyl ligand each occupying 2 sites. The quality of the crystals
and the resulting structure are poor and only serve to establish
the connectivity for this study.

From the low-resolution X-ray structure it appears that the
axis of the allyl group is slightly twisted, distorting the nickel
atoms’ square planar geometry. The aryl rings are almost
perpendicular to the plane of the central ring, although they are
shifted up and down from each other (Fig. 1).

The general procedure for ethylene polymerization is as
follows. In a nitrogen-purged drybox, a 20 ml glass insert was
loaded with the nickel compound (0.001 mmol) and, optionally,
specified cocatalyst (e.g., B(C6F5)3). Next, the solvent (p-
xylene (10 ml) in most examples) was added to the glass insert.
The glass insert was then loaded in a pressure tube inside the
drybox. The pressure tube was then sealed, brought outside the
drybox, connected to the pressure reactor, placed under the
desired ethylene pressure (600 psig in all cases) and shaken
mechanically. After the stated reaction time (18 hours), the
ethylene pressure was released and the glass insert was removed
from the pressure tube. The polymer was precipitated by the
addition of MeOH ( ~ 20 mL). The polymer was then collected
on a frit and rinsed with MeOH. The polymer was transferred to
a pre-weighed vial and dried under vacuum overnight. Table 1
summarizes the results for ethylene polymerization catalyzed
by nickel complexes 1a,b.

As seen from sixth column of Table 1, the prepared ethylene
polymers have a low degree of branching compared with the a-
diimine based catalyst.2 Judging from DSC results (seventh
column), the polymers possess fairly good crystallinity. Re-
markably, the nickel catalysts 1a,b bearing the 1,4-diphospha-
1,3-butadiene ligand are thermally stable until 160 °C, which
could be tied to the ability of this ligand to participate in metal-
to-phosphorus p-back-bonding. Upon increasing the tem-
perature of the polymerization from 60 °C to 160 °C, common
trends with a-diimine based catalysts were observed: the
productivity and molecular weights (Mw) have a tendency to
decrease, but the degree of branching increases. The molecular
weights (Mw) of ethylene polymers in Table 1 prepared from
nickel catalysts 1a,b with sp2-hybridized phosphorus ligand

† This is DuPont Contribution #08295.

Scheme 1 Fig. 1 An ORTEP drawing of the h3-2-propenyl(1,4-bis[2,4,6-tri(tert-
butyl)phenyl]-1,4-diphospha-(1,3)-butadiene)nickel(1+) moiety of 1a. The
borate anionic molecule, hydrogen atoms and the disordered allyl position
have been omitted for clarity.
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seem to be in line with those from sp3-hybridized phosphorus-
based nickel catalysts.7,8

Notes and references
‡ For the crystal structure determination of 1a a small green wedge shaped
crystal with approximate dimensions of 0.10 3 0.08 3 0.01 mm was
mounted and run at 2100 °C on a Bruker Smart 1K diffractometer. The unit
cell parameters were orthorhombic with space group = P212121, a =
14.2861(11) Å, b = 18.4281(15) Å, c = 27.872(2) Å, V = 7337.7(10) Å3,
Z = 4, calculated density = 1.396 g cm23 and m(Mo) = 0.41 mm21. The
resulting refinement based upon F2 for C73H77BF24NiP2 gave a formula
weight = 1541.81. The overall quality of the structure is poor due to the
small poorly formed crystallites available and the disordered groups. A
treatment of the disorder is described in the CIF file. Merging the 30462
reflections yielded 9002 unique reflections (Rmerge = 0.10). From the
refinement the goodness-of-fit = 1.01, R indices [I > 4s(I)] R1 = 0.0605,
wR2 = 0.1280, R indices (all data) R1 = 0.1372, wR2 = 0.1667, max
difference peak and hole = 0.710 and 20.344 e Å23. All of the hydrogen
atoms were idealized using a riding model. CCDC 196917. See http://
www.rsc.org/suppdata/cc/b2/b211252c/ for crystallographic data in CIF or
other electronic format.
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Table 1 Ethylene polymerization results catalyzed by h3-allyl(1,4-bis[2,4,6-tri(tert-butyl)phenyl]-1,4-diphospha-(1,3)-butadiene)nickel(1+) tetrakis[3,5-
bis(trifluoromethyl)phenyl]borates(12) 1a,b

Entry Catalyst Temp./°C Productivitya Mw (Mw/Mn)
1H-NMR
branchingb m.p./°C (DHf

*/J g21)

1 1a 60 38.17 57591 (3.19) 6.63 131.60 (202.0)
2 1a 70 30.33 50269 (3.28) 5.21 129.53 (200.7)
3 1a 80 21.13 66256 (5.26) 8.16 130.37 (209.0)
4 1a 100 15.85 31849 (2.80) 8.91 130.18 (207.9)
5 1a 120 15.33 19879 (4.48) 8.62 130.76 (217.2)
6 1a 140 14.65 11880 (5.55) 12.30 122.50 (208.6)
7 1a 160 7.67 10117 (7.75) 73.60 130.76 (217.2)
8 1b 60 35.05 52438 (3.28) 6.80 129.21 (201.7)

a kg polymer/g Ni. b Total CH3 per 1000 CH2. Cocatalyst was B(C6F5)3 20 equiv. in all experiments.
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