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Summary: A study on the products of reaction between
a neutral nickel(II) olefin polymerization catalyst and
methyl acrylate is presented. A deactivation mechanism
involving hydrogen transfer from substrate to catalyst
is suggested.

Olefin addition polymerization is one of the most
important processes in industrial chemistry. Although
this field typically has been the domain of early-metal
catalysts, in the past decade there has been growing
interest in late-transition-metal catalysts.1 Among these
are neutral nickel(II) complexes developed by Brookhart,
DuPont, and this group.2 The primary driving force for
the development of late-metal catalysis is the potential
for the copolymerization of ethylene with vinyl-func-
tionalized polar comonomers such as methyl acrylate
(MA). Late-metal catalysts are potentially more tolerant
of functionality than their oxophilic early-metal coun-
terparts. Unfortunately, although there have been
promising breakthroughs,3 there remain few industri-
ally feasible systems for the incorporation of function-
alized olefins into a linear polyethylene backbone.4 In
an effort to address this problem, we herein report
studies toward understanding the reactivity of neutral
nickel salicylaldimine (sal)-based catalysts with func-
tionalized olefins.

NiII(sal) compounds, of which 1 is representative,
polymerize ethylene in the presence of Lewis basic
additives: e.g., esters, alcohols, and water.2g In addition,

these catalysts copolymerize ethylene and olefins that
possess functionality distant from the C-C double bond.
However, attempts to copolymerize vinyl-functionalized
monomers and ethylene using Ni(sal) catalysts have led
only to catalyst deactivation. Therefore, an understand-
ing of the behavior of catalysts such as 1 toward
functionalized monomers is crucial for the development
of catalysts capable of copolymerization.

Compound 1 was mixed with 5 equiv of MA in
toluene-d8 at 80 °C (Scheme 1).5 After 12 h, the products

were analyzed by GC-MS. The major components were
methyl trans-cinnamate (2) and methyl 3-phenylpropi-
onate (3) in a ratio of close to 1:1.6 Product 2 is the
expected product of reaction between 1 and MA, in
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(6) In addition, the unsaturated and saturated products of 1,2-
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Scheme 1. Reaction between 1 and Methyl
Acrylate
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analogy to a Heck coupling. However, the formation of
3 was unexpected and appears to be the product of
reduction of 2 by a hydrogen source, of which none are
immediately apparent.

In studies of nickel-catalyzed cross-coupling of aryl
halides with acrylates, it has been shown that the
presence of water leads to saturated products.7 With this
in mind, the reaction was carried out with the addition
of an excess (∼20 equiv) of water. From this reaction 3
was obtained in greatly increased yield (∼95% as
compared to 2), which suggests that water can act as a
hydrogen source.8 This was further confirmed when the
use of D2O provided monodeuterated 3.9

Although the observation of 3 could be explained by
the presence of water, it seemed unlikely that water was
a major hydrogen source in the initial experiment, since
the solvent was assumed to be dry. The only other
obvious source of hydrogen was the substrate itself. To
determine if this was indeed the case, methyl acrylate-
2,3,3-d3 was allowed to react with catalyst 1. The same
ratio of 2 and 3 was obtained, but with complete
deuteration (Scheme 2), implying that complex 1 facili-
tates hydrogen transfer from one molecule of substrate
to another.

Further insight into the reaction between 1 and MA
was obtained through analysis of the inorganic byprod-
ucts. A MALDI/TOF mass spectrum of the reaction
mixture featured a peak at m/z 971.62, corresponding
to the bis-ligated complex 4. Bis-ligated complexes of

this type are commonly observed in Ni(sal) chemistry
and appear to represent a thermodynamically favored
state.2d,10

Consideration of the organic and inorganic products
of this reaction suggests a mechanism by which 1 is
deactivated in the presence of functionalized olefins
(Scheme 3). Upon coordination of MA to 1, 2,1-insertion
provides the nickel enolate 5.11 The formation of such
chelated complexes is well precedented in late-transi-
tion-metal-catalyzed olefin polymerization chemistry.3
Because 5 features a relatively nonlabile chelate, as-
sociative addition of another olefin may be slow, and
thus the rate of polymerization significantly decreased.
Complex 5 can, however, undergo â-hydride elimination
to provide the olefin/hydride complex 6, as evidenced
by the formation of 2. However, the rate of â-hydride
elimination is slow compared to protonolysis, because
reaction with excess water provides almost exclusively
3.12

At this point, the hydrogen atom of 6 resulting from
â-hydride elimination reacts with a molecule of 5 to
provide 3 as well as bis-ligated complex 4. The exact
nature of this transfer is unclear. In extensive studies
of a related class of neutral nickel(II) catalysts featuring
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Scheme 3. Proposed Mechanisms of
Decomposition

Scheme 2. Reaction between 1 and Deuterated
Methyl Acrylate
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anilinotropone ligands, Brookhart and co-workers have
demonstrated that reductive elimination from an olefin/
hydride complex produces free ligand (Scheme 3, path
A).2d The acidic proton of the ligand can then cleave the
nickel-carbon bond of an active molecule of catalyst to
form a free alkyl group and bis-ligated nickel complex.13

Protonation by free ligand may occur in the reaction of
1 with MA as well (path B). Indeed, when 1 is treated
with MA in the presence of 1 equiv of free (protonated)
ligand, a greater yield of 3 is obtained (73% relative to
2) than in the original experiment, suggesting that free
ligand may act as a proton source. Another possibility
is direct hydride transfer from 6 to 5 (path C), although
the mechanism of such a transfer is not immediately
obvious.14 Because the reaction of 1 with MA presented
above involves cleavage of the nickel-alkyl bond, it
appears to represent the pathway to deactivation of 1
in the presence of functionalized olefins. Bis-ligated 4,
without an alkyl group bound to nickel, is unable to
reinitiate polymerization.

To determine whether this deactivating reaction is
specific to MA, 1 was allowed to react with 5 equiv of
allylbenzene in toluene-d8 at 80 °C with and without
added water (Scheme 4). In both cases, a similar mix-
ture of unsaturated Heck-type products (1,3-diphenyl-
propylene and isomers) was obtained. The yield of
saturated product (1,3-diphenylpropane) in the dry
reaction was less than 2% and grew to only 13% when
water was added.15 In addition, bis-ligated 4 was
observed in the MALDI/TOF spectrum at the end of the
reaction.16

Since 1 is capable of ethylene homopolymerization,
the deactivation pathways described above are not as

significant a problem in an ethylene homopolymeriza-
tion as they are in an attempted copolymerization with
functionalized olefins. Although deactivation to form 4
also occurs in the reaction of 1 with allylbenzene, the
much lower yield of saturated products suggests that
hydrogen transfer to a nickel alkyl species is not the
major deactivation pathway. The key difference, then,
between reaction of 1 with MA and with nonoxygenated
monomers appears to be the greater rate at which
intermediate 5 in the former reaction is attacked by a
hydrogen source. This derails the desired reactivity of
the catalysts and effectively stops polymerization.

Although the origin of the reactivity difference de-
scribed above is currently unclear, some plausible
mechanisms may be suggested. The difference may be
due to the increased reactivity of a nickel enolate (5)
toward protonolysis, as compared to a nonchelating
alkyl group. Another possibility is that the intermedi-
ates in the reaction between 1 and nonchelating olefin
â-hydride eliminate before Ni-alkyl cleavage can oc-
cur.17

The results of this study have important implications
for the development of catalysts for the copolymerization
of functionalized olefins and ethylene. To make viable
catalysts, chelation with functionalized monomers must
be less favorable. Current work is ongoing to incorporate
the results of this study into the development of new
nickel and palladium catalysts capable of facing the
formidable challenge of functionalized copolymerization.
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(13) Considering the potentially enolic character of the substrate
in complex 5, it is possible that protonolysis occurs at the Ni-O bond,
providing a vinyl alcohol which would rapidly tautomerize to 3.

(14) Indeed, treatment of methyl trans-cinnamate (2) with NiHCl-
(PCy3)2 yields 3 as well, although this could also be due to formation
of HCl in solution.

(15) Similar results were obtained with the use of styrene and
1-hexene.

(16) It appears that bis-ligated complexes are the eventual deactiva-
tion product in any polymerization involving [L,X]-chelated neutral
nickel complexes, as noted before.2d,10 The overall pathway to the
formation of bis-ligated complexes probably varies on the basis of the
nature of the catalyst and the reaction conditions but will always occur,
even when extremely bulky ligands are used.

(17) For further speculative discussion on the nature of the deac-
tivating reactivity between 1 and MA, see the Supporting Information.

Scheme 4. Reaction of 1 with Allylbenzene
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