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Living Polymerization of a-Olefins by Chelating aluminoxane (MAO), are highly active catalysts for the polym-

Diamide Complexes of Titanium erization of 1-hexene. The only chain termination mechanism
) ) operative in these systems appears to be chain transfer to

John D. Scollariand David H. McConville® aluminum M, = 47 000,M,/M, = 1.73)?7 as we have been

Department of Chemistry unable to observe olefinic resonances in the proton or carbon
University of Western Ontario NMR spectra of the polymers or ollgor_ners prep_ared with t_hese
London. Ontario. Canada N6A 5B7 catalyst systems. Hence, it seemed likely that_ n_c the aluminum
' ' cocatalyst were replaced with a borate arf®a,living system
Receied June 6, 1996  could be achieved. In this paper, we introduce a new living
N o-olefin polymerization catalyst system. To our knowledge,
this is the first example of the living polymerization of an
aliphatic a-olefin at room temperaturs; 34
Equimolar amounts of the titanium dimethyl complex [RN-
(CHp)3NR]TiMe, (1a, R = 2,61PrCeHz; 1b, R = 2,6-
Me,CeH3)?®6 and B(GFs):%° catalyze the living aspecifié
olymerization a-olefins at room temperature (eq 1). The

Living polymerization methods permit the preparation o
polymers with well-defined structurés.For the coordination
polymerization of arx-olefin, chain growth occurs via olefin
insertion into a metatcarbon bond (Cosseé\riman mecha-
nism¥-3 while -alkyl elimination? chain transfer to a cocata-
lyst,> andB-hydride eliminatiofi serve as chain termination or
transfer steps. In addition, some catalyst systems terminate viaP
homolytic M—C bond cleavage concomitant with reduction of

the metal It is the relative rates of these steps that determine NQ «Me =/R

the chain length and hence the molecular weight distribution /Ti.‘\Me + B(CoFsls 23°C \h/\h M
of the polymer. Althouglf-alkyl elimination is negligibléfor NR  1a,b R = 26.Pr.CoH R
highero-olefins (= 1-butene) and chain transfer to a cocatalyst E:)) A < 2.6-MogCyHs

can be eliminated by the use of tetraalkylbor&t¥sit has so R':n-BL;, n-Pr, n-Hex

far proven difficult to contro|3-hydride elimination.

The olefin polymerization chemistry of broad classes of group polymerization solutions are light yellow and homogeneous. In
4 compounds such as @pX,, CpMX3, and linked Cp-amide  the’absence of excess monomer, attempts to spectroscopically
derivatives ha_ve been s_tudled extenswely; thus, the s_earch foridentify the catalytically active species have been thwarted by
new non-Cp ligand environments is currently of considerable the extreme reactivity of the catalyst system with chlorinated

interest~2° Previously we have investigated theolefin solvents and its insolubility in aromatic solvents. A summary
POWT“e”Z%a“O“ chemistry of chelating diamide compounds of f the polymerization results is shown in Tabl8®1The catalyst
titanium#® Complexes of the type [RN(CHENR]TiMe; (R = systems generate high molecular weight polymers with remark-
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Table 1. Polymerization ofo-Olefing
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entry catalyst precursor monomer and conditions yield (mg)  My° M,P Muw/Mn activity®

1 la 1-hexene, 10 min 50 4 300 4100 1.05 40
2 la 1-octene, 10 min 50 5100 4900 1.05 40
3 la 1-decene, 10 min 50 5800 5500 1.06 40
4 la 1-hexene/toluerfe80 min 100 20 000 19100 1.05 30
5 la 1-octene/toluerfe30 min 110 16 900 15500 1.09 30
6 la 1-decene/toluede0 min 110 16 600 15 800 1.05 30
7 la 1-hexene/CiLl,,2 10 min 570 176 100 164 200 1.07 490
8 la 1-octene/CkCl»,¢ 10 min 870 148 100 138 200 1.07 750
9 la 1-decene/Ci€l,,° 10 min 890 131 000 121 500 1.07 760

10 la 1-hexene, 30 min 90 12 800 12 100 1.06 30

11 1b 1-octene, 30 min 160 21900 20900 1.05 50

12 1b 1-decene, 30 min 150 19 200 17 300 1.11 40

aGeneral conditions: 6.Zmol of 1a or 1b in 0.67 mL of pentane and 6:mol of B(CsFs)s in 0.35 mL of pentane were added to 6 mL of
monomer or monomer/solvent at 2. » By GPC in THF vs polystyrene standardg of polymer/(mmol of catalysh). ¢ 2 mL of toluene in 4 mL

of monomer.£2 mL of CH,Cl, in 4 mL of monomer.
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Figure 1. Time dependence dv, for the polymerization of 1-hexene
with 1b/B(CgFs)s (toluene:1-hexene 50:50).M,/M,, = 1.06-1.07 for
each data point.

MAO.26 Assuming a cationic alkyl comple®, we interpret
these results as competitive binding of toluene to titanidm (

Such an interaction is possible, given the low coordination
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Figure 2. Time dependence awl, for the polymerization of 1-hexene
with 1b/B(CgFs)s (toluene:1-hexene 33:67).M,/M, = 1.05-1.08 for
each data point.

(Mp) was plotted versus time. The GPC trace of each sample
shows a single, narrow molecular weight pelst{M,, = 1.06—
1.07). Alinear relationship betwed, and time indicates that
the system is living.

In a separate experiment, the time dependence of the
polymerization of 1-hexene with the catalyst systHn'B(CeFs)3
in a 33:67 mixture of toluene/1-hexene was measured (Figure
2)3% The plot of My, versus time deviates from linearity after

number of these diamide complexes and the spectroscopic30 min; however, the polydispersities remain narrdit,Mn

observation of other group 4 cationié-toluene specie¥: 43

In addition, we have prepared the isoelectronic cyclopentadieny

complex [RN(CH)zNR]TiMe(35-CsHs) (R = 2,6{PrCgH3),%”

suggesting that the metal can accommodate ligands of this size

Studies are in progress to isolate an authemfieoluene
complex.

We have measured the time dependence of the polymerization,

of 1-hexene with the catalyst systeth/B(CgsFs); in a 50:50
mixture of toluene/1-hexene (Figure 3f).The ratio of toluene

to 1-hexene permits convenient measurement of molecular

weights at regular time intervalgifle suprg with a minimal

increase in viscosity. Aliquots were removed from the solution
at 5 min intervals, and the number average molecular weight
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= 1.05-1.08). A significant increase in viscosity and the

Ideclining monomer to catalyst ratio are likely responsible for

this observation. If additional monomer and solvent are added
periodically, the molecular weights continue to increase

(=500 000) with no change in the polydispersiti®d,(M, =

1.05-1.08).
In summary, a new catalyst system for the living polymer-
ization of a-olefins at room temperature has been introduced.

There appears to be no chain termination or transfer operative

in these systems even after several hours. Successful polym-
erization of other olefins, block polymer formation, and further
ligand variations will be reported shortly.
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