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Nickel-based olefin polymerization and oligomerization cata-
lysts have attracted considerable recent attertfddepending
on the ancillary ligand framework, these catalysts participate in
chain-walking reaction%? tolerate polar functionalities on the
monomer, and may even be used in wafefhese properties
allow for the synthesis of materials with unique topologiasd
could enable new industrial procesges.

During our efforts at developing tandem catalytic proce8ses,
we discovered that the reactivity of SHOP-type catalysts such as
[(CeHs).PGH4C(0)O+?P,OINi(773-CH,CMeCH,)® increases con-
siderably upon addition of B(Es)s;. Carbonyl coordination to
the borane gives [(§s).PCGH4C(O—B(CeFs)3)O-«?P,ONi(75-
CH,CMeCH,) and removes electron density from nickel. This
“activation” by action of a Lewis acid on a site removed from
the monomer insertion trajectory prompted our attention. The
more common situation reduces to methyl abstraction and coor-
dination of the resulting borate aniéhBorate dissociation from
the metal is a generally accepted requirement for olefin inseltion.

It occurred to us that metal activation by formation of carbonyl
adducts could form the basis of a new strategy for designing novel
nickel olefin polymerization catalysts such &s3. Resonance
structured andll illustrate the loss of electron density at nickel.
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a-Iminocarboxamide ligands were chosen because they can be

readily prepared and because the size of the substituents on nitro-
gen can be varied to modulate steric effects. Of interest to us
was to control the size of the substituents on the pseudoaxial sites2

since blocking these sites in other nickel catalysts reduces chain
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Figure 1. ORTEP drawing of drawn at 30% probability. Hydrogen
atoms not shown for clarity.

transfer to the monomér? Thez3-benzyl fragment was selected,
instead of the more frequently used methallyl, because it displays
faster rates of initiatioA®

Typical Schiff-base condensatitfrof primary arylamines with
N-aryl pyruvamide® yields a-iminocarboxamides. As shown in
Scheme 1, carboxamide deprotonation with 1.0 equiv KH,
followed by reaction with Nig3-CH,CsHs)Cl(PMes), 6 results in
the clean formation of the-iminocarboxamide complexes(R;
=R, =H), 5 (R, = CHMe,, R, = H), and6 (R; = R, = CHMe,).
Recrystallization from benzene by slow diffusion of pentane vapor
at room temperaturet@nd>5), or pentane at-30 °C (6), affords
analytically pured—6 in 70—80% yields.

Structural characterization d@f (Figure 1) reveals a distorted
square-planar geometry (interplane angle of NNiN and CNiP
planes: 42.2) with a trans relationship between PMend the
imine nitrogen. The distance between Ni and the carboxamide-N
is shorter (1.936(2) A) than that between Ni and the imine-N
(2.001(3) A); the GO distance (1.243 (4) A) is consistent with

a double bond between these two atoms. @nit is the
carboxamide oxygen that coordinates to nickel (Figure 2), and
the ligand environment is strictly square-planar (interplane angle
of NNiO and CNiP planes: 4°3 The C-O distance ir6 is longer
(1.302(3) A) than that of, consistent with a reducedinteraction.

Single crystals ob suitable for X-ray diffraction studies are
not available at this stage. However, 8 NMR chemical shifts
in C¢Dg are sensitive to the carboxamide binding mode4In
(N-bound), one observes a signal -a4.6 ppm, while for6
(O-bound) the signal appears &tl0.0 ppm. For5, the PMg
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Table 1. Reactivity toward Ethylerfe
entry compound [N activity® M,  Mu/M, branche$ Tp,

1 4 0.33 0

2 1 0.33 1500 oligomers

3 2 0.33 550 119000 25 33 125
4 3 0.33 350 508000 9 71 124
5 3+25B(GFs)z 0.33 510 533000 6 71 123
6 3+25B(GFs)s 0.10 850 349000 2.3 104 122
7 3+25B(GFs)z 0.10 436 299000 2.8 106 122

a Polymerization conditions: 30 mL of toluene, 100 psig ethylene,
10 min.® Concentration in mM¢ kg product/(mol Nih). ¢ Determined
by *H NMR, and corresponds to the number of branches/1000 catbons.
¢ Reaction carried out with 50 psig ethylene.
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Figure 2. ORTEP drawing of6 drawn at 30% probability. Hydrogen

atoms not shown for clarity. resonance structuié is therefore required to account for these

structural trends.

A series of ethylene polymerization studies is summarized in
Table 1. No reaction is observed by usiadentry 1). Similar
results are obtained with and 6. In the case ofl, ethylene is
consumed, quickly giving oligomers, as determined by GC/MS
(entry 2). The product is a mixture of 1-alkenes, internal olefins,
and 1-alkene dimers. The fraction corresponding to 1-alkenes is
described by a SchuktzFlory distribution!” Use of2 and3 leads
to polymer formation (entries 3 and 4). The polymer obtained
with 3 is of higher molecular weight and is described by a
narrower molecular-weight distribution (PDI). Comparison of
entries 4 and 5 shows that adding 2.5 equiv of g} increases
the activity and decreases the PDI. Lower nickel concentration
gives rise to a further PDI narrowing (entries 5 and®educing

@ the pressure (entries 6 and 7) results in a drop in activity. Highest
Figure 3. ORTEP drawing of3 drawn at 30% probability. Hydrogen  activities are obtained fod, probably because there is no
atoms not shown for clarity. entrapment of the catalyst within the polymer precipitate.

, Analysis by’H NMR spectroscopy shows a branched polymer
resonance occurs at22.2 ppm, which strongly suggests an  strycturet Branching is encouraged by the bulkier ligand environ-
N-bound carboxamide, as shown in Scheme 1. ment of3, relative to2 (Table 1, entries 3 vs 4). Examination by

Addition of 2 equiv of B(GFs)s to solutions o#A—6 in benzene 13C NMR spectroscopy using established pulse sequétatesws
results in the immediate precipitation of bRe-B(CeFs)sand the 4 gistribution of branching sizes similar to other nickel catalyssts.
formation of 1-3. *H NMR spectra of the products show the For the polymer in entry 5 one observes a majority of methyl
formation of two isomers, the ratio of which depends on the ligand yranches£60%), a minor component of ethyl branchesl(%)
environment (1:1, 3:1, 2:1 fol, 2, and3, respectively). The  and the remainder approximately equal quantities of propyl, butyl,
upfield shift of the aromatic protons on the benzyl ligand from 7 amy), and long-chain branches. Lower melting points are observed
to 8 t0 5.6 to 7 ppm indicateg’-coordination’® In addition, the  yith increased branching.

"B NMR signal from B(GFs)s changes from 59 to 0.7 ppm, In summary, the synthesis and characterization of compounds
consistent with the formation of a-80 adduct. Our current = 13 show that borane attachment to a site removed from the
thinking is that the sets of isomers arise from pseudorotamers of gty jene insertion trajectory can be used to activate nickel catalysts
the benzyl ligand, as shown by andB below. for olefin polymerization. It is interesting to note the similarities
in structure/reactivity relationships to Brookhart’s diimine cata-

Ar Ai‘ lysts! In particular, hindering axial sites leads to substantially
N __N higher molecular weight product and the production of a branched
o) = ) © I N polymer structure. The extent to which mechanistic similarities
(CeFs)aBa, A/ (Cer)aB\O/ N/ exist between compoundsand3 and other nickel catalysts and
(% T @ | how a more open reaction site leads to advantages/disadvantages
Ar, Ary for polymer synthesis are the subjects of ongoing studies.
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