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Introduction

Initiators that provide for the living polymerization[ 1] of ethylene
and 1-allcenes constitute a apecial area of attention since they allow for
accessing macromolecular architectures such az block- and tapered-
copolymers,[2] atar-shaped structures,[3] end fimetionalized polymers
[4] and grafted backbones[3][¢] The macromolecular struchire
impacts the solid state arrangement of the polymer chaing and
therefore physical and mechanical properties, Living polymerization
characteristics are obtained when there iz negligible termination or
chain transfer within the timeacale of the propagation reaction.

We  recently disclosed that the activation of
dijzopropylphenyl)-2-(2, é-diisopropylphenyl-imino) -
propanamide[Nif -CHPHY(PMes) (1) with Ni(CODY, (NifCOD),
big{l,5-cyclooctadiena)nickel) generates an active zite that iz capable
of polymerizing ethylene and 5S-norbornen-2-yl acetate (MNBA) In a
quasi-living fashion (Equation 13.[7] The polymerization reaction
shows a linear increase in molecular weight with ncreasing reaction
time, however the molecular weight distributions of the products show
polydispersitiss (PDIz) that are larger than the ones expected from a
living avstem, Deviations from a living behavior are likely due to the
precipitation of the product as the reaction proceeds and to inefficient
initiatiory, as determined by NME spectroscopy experim erits,
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In thiz presentation we will discuss applications for synthesizing

.
and tapered copolymers and mechanistic worlt that alma to delineate
the active specias in these polymerization reactions,
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Experimental

All manipulations were performed under an inert atmosphere
using standard glovebox and Schlenke-line techniques. All reagents
were uzed az received from Aldrick unless otherwize specifiad
Ethylens was purchased from Matheson Ivi-Gas (ressarch grade,
99.99% pure) and was fiwther purified by paszsage through an
orygen/molshare trap (Matheson model 6427-43%, Toluene, THF,
hexane, and pentane were distilled from benzophenone letyl, All
polymerization reactions were carried out in a Parr antoclave reactor
ag described below. Toluene for polymerization wasz distilled from
sodiumspotagsium alloy. The synthesis of compomnds 2, 3, 4, 5 and 6
uged procedures similar to the literabure procedure for 1 and were
purified by recrystallization. NMER spectra were obtalned using a
Warian Unity 400 or 500 spectrometer. Polymers were dried overnight
under vacmun and the polymerization activities were calculated from
the mass of product obtained. These values were to within 5% of the
calculated mass by loolting at the ethylene volume by use of a mass
flow controller. The polymers were characterized by GPC analyais at
135 °C in o-dichloroberzene (in a Polwmers Laboratories, High
Temperature Chromatograph, PI-GPC 200}, Polymer melting points
weare meanred on a TA Instruments differential scanning calorimeter
(model DSC 2920% at a rate of 10 Cr¥min for two cycles using a
temperatare range of 50200 °C. 'H NMER spectra of the polymers
were obtained in a mixed solvent (Celf/ 1,2, 4-trichlorobenzene in a
1:4 vohwne ratio) at 115 °C. Elemental analysis was performed on a
Leeman Labs Inc. CE440 Elemental Anabzer and a Control
Equipment Covporation 440 Elemental Analyzer. The CHN analyser
provides a precision of +/— 0.3 weight percent. FTIR spectra were
recorded on a Brufer Vector-22 spectrophotometer using K Br pellets
and in aolution using CgDy a3 solvent.
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Typical Tapered Copolymerization of Ethylene and 5-NBA:
[1]s = 0.15M. A typical copolymerization iz performed as follows
[nzide a glove box a metal reactor was loaded with 2 (20 pmol; 31.6
mg), Ni{COD), (30 pmol; 27.6 me), 1 (4.50 mmol; 0.685 2), and
toluene such that the final volume of this solation was 30 mL. The
metal reactor was sealed inside the glove box and was attached to a
vaciun/mitrogen line manifold  Ethylene was fed continnously into
the reactor at 200 psl and the pressrized reaction mixture was stirred
at 20 °C.  Ethylene was vented after a specific reaction time and
acetone was added to quench the polymerization. The precipitated
polymer was collected by filtration and dried under high wvacuam
overnight

Results and Discussion

Synthesis of Tapered Copolymer Structures

It occurred to us that a batch reaction whereby the ethylene
pressure iz kept constant and the concentration of NBA is allowed to
deplete by incorporation into the polymer struchire would lead to the
desired tapered struchwe. Under these circumestances, the growing
chain is rich in MBA at the start of the reaction. Az the reaction
proceeds, [NBA] decreases, leading to an increase in the fraction of
ethylene incorporated into the chain.  The final stracture of the
polymer was anticipated to have a polar amorphous terminug (rich in
NEA) and a non-polar, semictyatalline chain (prim arily polyethylene)
on the other end. The owerall procedure iz technically simple. A
reactor is initially filled with a solution of the initiator mixtare and
NEA. Polymerization talkes place when ethylene iz added and is
terminated after a chossn reaction time,

Table 1 summarizes of a set of polymerization reactions where
the ethylene pressure was kept constant at 200 psi. Examination of
Table 1 shows that there is a progressive increase In average
molecular weight with reaction time, even up to 120 mimites. This
increaze iz consistent with the quasi-living characteristica of the
polymerization reaction. Ideal living characteriztics are not achieved
due to reaction variables such as the varying levels of incorporation of
NEA into the copolymer chain and the precipitation of the product
after 435 minutes of reaction time., Copolymers with larger fractions of
NEA are goluble o toluene, whereaz the ethylenarich segments
formed at later stages of the reaction have poor solubility in toluene.
Table | alzo showsa that the overall fraction of NEA in the product
decreases with longer reaction times. The chains thus hasve the highast
fraction of NEAat the beginning, when [NBA] s at its masimum

Table 1. Summary of polymerization reactions.

Reaction Time M, PDI Mol %o

Entry {min.) (kg/mol) NBA
1 4 10+1 1.3 12 +1
2 3 12+1 1.2 1a+1
3 3 272 1.2 14+1
4 10 28+ 1 1.3 14+1
5 20 37T£3 1.4 12+£1
& 25 47 £3 1.4 11£1
T 15 55+5 1.4 1+t
2 45 63+3 1.3 9+ 1
9 60 94 £ 10 1.5 6x 1
10 20 e +1 1.5 6+ 1
11 100 138 1.6 5+1
12 120 170 1.5 4+1

The producta listed in Table | were examined by transmission
electron microscopy (TEM). No indication of phase separation waa
obzerved for polyners with M, < 63 kool (reaction time < 45
mimites). As shown in Figure 1A, a lamellar morphology, where
gemicrystalline PE layers (light) alternate with amorphous copolymer
layers, iz obsarved for a polymer with M, = 63 kg/mol (Table 1, Entry
2y, For the products obtained after longer reaction times, the
morphology changes from alternating lamellar sheets to a less
organize d phase (Fimure 1B), in which the polyethylenerich segments
form the matrix and the NBA rich bloclk forms smaller, cylindrical-
lilce domains, While the tapered struchire of the products allows us to
create microphase-separated struchwes whose morphologies are a
finction of polymer chain length, there are limitations. For example, it
iz not possible to create short gradient copolymers that order into
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microphase separated morphologies. This ig due to the finite chain
length needed for the polymer to taper from a segment rich in NBA to
a sufficiently incompatible polyethylene sequence

B

Fignre 1. (A) Transmission electron mlcrograph (TEM) of Table
1, Entry & (M, = 63 lkg/rmol). The momphology is lamellar, where
sermicrystalline PE layers (light) alternate with amorphous copolymer
layers. The dark spots are caused by stain contamination by RuO,.
(B) TEM of Table 1, Entry 12 (b, = 170 kg/mel). The momphology iz
a poorly organized hexagonal phase, where amorphous copolymer
cylinders are embedded in a semicrystalline PE matrix (light). PE
crystals can also be obzerved in the matrix.

Nature of the Initiating Species

A geries of nickel complexes containing c-iminocarboxarmide, n'-
benzyl and PMe: ligands were synthesized to identify stmictural
features of neutral Ni corrplexes that can be emploved in ethylene
polymerization and ethylene/functionalized notbornene
copolymerizations. Variations in steric bull on aryl substituents in the
a-iminocarboxarnide framework were uzed to probe MM vs, NO-
binding modes, When the steric bulk iz sufficiently largs, az in 1, [N-
(2,6 -diethylphenyl)-2 (2,6 -diethylphenylimino)propanarmidato-
K N,O] (' -CHPh)(PMe. nickal (2), [N-(2,6 -methyl-isopropylphenyl -
22,6 -methyl-isopropylphenylimine propanamidato«<* N0 (-
CH,Ph)(FMe;nickel (3), one obzerves N, O-binding. In the case of
[A-(2,6-dimethylphenyl)-2-(2,6-
dimethylphenylimino propanamidato] ({1 -CH,Ph)(PMe; Jnickel (4],
beoth, M- and M- bound can be cbtained and isolated; the NN
stracture iz the thermodynaric product. NN products are observed

with smaller ligands, as in [WN-phenyl-2-(2,6-
diizopropylphenylimine jpropanamidato-« 2N, N (n'-
CH,Ph)(FPMenickel  (5)  and  [N-(2¢é-diisopropylphenyl)-2-

(phenylimino)propanamidato-«®N N] (1 -CH,Ph ) PMe; Jnickel (6).
Ethylene polymerization, upon activation with Ni{COD),, iz observed
only with the NMO-bound speciss. NMR spectrozcopy shows that
addition of Ni{COD}, to 5 and 6 results in removal of the phosphine
and the formation of an n®benzyl fragment. Furthermors, the
phosphine-free corplex [W-(2,6-diisopropylphenyl)-2-(2,6-
diizopropylphenylimine jpropanamidato-« 2N, N (n*-CH,P hjnickel  (7)
iz alzo inactive toward ethylene polymerization. The molscular
structure of 7, as determined by single crystal X-ray diffraction studies
ig shown in Figure 2.

L s Bipicin.

Fignre 4. Molecular structure of 7 drawn at 50 % probability.
Hydrogen atormns were omitted for clarity.

These observations suggest that ethylene polymerization are
preferentially initiated by nickel corplexes with MO-bound o
iminocarboxamide ligands.
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Conclusions

Ni complexes based on a-iminoccarboxamide ligands provide
excellent control over the typss of polymer structires that can be
attained uzing ethylene and NBA. The polar nature of these polymers
malces them potentially interssting in applications such as stabilizers
of polymer alloys. Tapered copolymers can be obtained via a very
simmple single batch mode.

The nature of the initiating species in Equation is now better
understood.  This mechanistic information iz now being uszed to
develop single site initiators that should offer more control over the
polymerization reactions.
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