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Although soluble group 4 olefin polymerization cata-
lyst precursors such as Cp2MX2,1 CpMX3,2 and linked
Cp-amide3 derivatives have been studied extensively,
new non-Cp ligand environments remain relatively
unexplored.4 Previously we have investigated the chem-
istry of chelating diamide ancillaries5 that incorporate
the voluminous 2,6-diisopropylphenyl moiety at nitro-
gen. The chelating diamide complexes, [ArN(CH2)3NAr]-
ZrR2 (Ar ) 2,6-iPr2C6H3; R ) Me, CH2Ph),5b were tar-
geted as possible catalyst precursors for the polymeri-
zation of olefins via putative cationic derivatives (e.g.,
[ArN(CH2)3NAr]ZrR+). Although these complexes dis-
play little or no activity for the polymerization of olefins
under the conditions employed in this study,6 they
nevertheless exhibit a rich chemistry including C-H
activation.5b We have since turned our attention to
titanium and report here the synthesis of d0 chelating
diamide complexes which, when activated with a Lewis
acid cocatalyst, are active catalysts for the polymeriza-
tion of 1-hexene.
The silylated diamines 2a,b (obtained from the di-

amines [RHN(CH2)3NHR]: 1a, R ) Ar ) 2,6-iPr2C6H3;5b
1b, R ) Ar′ ) 2,6-Me2C6H3)7 react with TiCl4 in
refluxing xylenes to afford 2 equiv of ClSiMe3 and the
orange dichloride complexes 3a,b (Scheme 1).8 Char-
acteristic second-order patterns are observed for the
methylene protons (NCH2 and NCH2CH2) of the coor-
dinated ligands in the proton NMR spectra8 of com-
plexes 3a,b. In addition, the isopropyl methyl groups
of complex 3a are diastereotopic, which we interpret as
a consequence of restricted rotation about the N-Cipso
bond. In particular, the aryl groups lie perpendicular
to the N2Ti plane, necessarily protecting the metal above
and below this plane. A similar observation has been
made in late metal complexes bearing bis(imine) ligands
with analogous aryl substituents.9 The molecular struc-
ture of complex 3a and selected bond distances and
angles are shown in Figure 1.10
Compounds 3a,b react with 2 equiv of methyl Grig-

nard to afford the crystalline, thermally stable, dimethyl
derivatives 4a,b (Scheme 1).11 The crystalline dibenzyl
derivatives 5a,b7 are obtained under similar conditions.
The proton and carbon NMR spectra11 of 4b display Ti-
CH3 and Ti-CH3 resonances at 0.70 and 51.1 ppm,
respectively. Similar shifts are observed for 4a. These
resonances are comparable to other known bis(amide)-
TiMe2 species.12 The molecular structure of complex 4b
and selected bond distances and angles are shown in
Figure 1.13
The titanium diamide complexes described above are

active catalyst precursors for the aspecific4e polymeri-
zation of 1-hexene. A summary of the polymerization
results is shown in Table 1.7 The catalyst systems
generate high molecular weight polymers with narrow

molecular weight distributions. We have been unable
to observe olefinic resonances in the 13C{1H} NMR
spectra7 of the polymers or oligomers (vide infra)
prepared with these catalyst systems. We can only
speculate that chain transfer to aluminum must be
relatively fast compared to â-elimination. Deuterium
and carbon-13 labeling experiments are in progress to
determine the mode(s) of olefin addition (2,1- vs 1,2-
insertion).
Activities as high as 350 000 g of poly(1-hexene)/mmol

of catalyst‚h were obtained for catalyst 4a/MAO (entry
1). For comparison, the bis(amide) system [(Me3-
Si)2N]2ZrCl2/MAO polymerizes propylene with an activ-
ity of 62 g of polypropylene/mmol of catalyst‚h under
similar conditions.4b Lower initial activities are ob-
served for 4a/MAO at lower temperatures (i.e., 22 °C)
until sufficient heat is released at the onset of polym-
erization. This apparent activation barrier may reflect
the relative difficulty in generating a putative 10-
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Figure 1. (Top) ORTEP drawing of 3a. Selected bond
distances (Å) and angles (deg): Ti1-N1 ) 1.856(5), Ti1-N2
) 1.839(5), Ti1-Cl1 ) 2.257(2), Ti1-C2 ) 2.240(2), N1-Ti1-
N2 ) 99.2(2). (Bottom) ORTEP drawing of 4b. Selected bond
distances (Å) and angles (deg): Ti1-N1 ) 1.858(6), Ti1-N2
) 1.867(6), Ti1-C1 ) 2.100(9), Ti1-C2 ) 2.077(9), N1-Ti1-
N2 ) 102.6(3).

Scheme 1
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electron cationic alkyl complex.14 Interestingly, the
activity of 4a/MAO decreases by a factor of nearly 4
when the polymerizations are performed in the presence
of small amounts of toluene (entry 7). A similar
decrease in activity is observed for 4b/MAO when
toluene is present (entry 2 vs 8). More importantly, 4a/
MAO yields a very small amount of low molecular
weight polymer when the polymerization is performed
at 22 °C in the presence of toluene (activity ) 800 g of
poly(1-hexene)/mmol of catalyst‚h, Mw ) 2000, Mn )
1300). Assuming a cationic alkyl as the active species,14
we interpret these results as possible competitive bind-
ing of toluene to titanium (A), which may decrease the

rate of insertion of 1-hexene. Given the low coordination
number of these diamide complexes and the reports of
authentic cationic η6-toluene species,15 the possibility
of such an interaction should be borne in mind. We
have prepared the cyclopentadienyl complex [ArN-
(CH2)3NAr]Ti(η5-C5H5)Cl,6 suggesting that the metal
can accommodate ligands of this size.
The catalysts bearing the 2,6-iPr2C6H3 group at

nitrogen (3a, 4a) show higher activities than the 2,6-
Me2C6H3-substituted complexes (3b, 4b) (MAO activa-
tion), possibly a reflection of the increased steric pro-
tection afforded by the former ligand. In contrast, the
catalyst system 4a/MMAO (MMAO ) isobutyl-modified
methylaluminoxane) is less active than 4b/MMAO
(entries 3 and 4). This may reflect structural differences
betweenMMAO andMAO.16 Under identical conditions
of MAO activation, the dichloride precursors 3a,b are
about 30% more active than the dimethyl derivatives
4a,b (entries 7-10). The dimethyl derivatives 4a,b can
also be activated with the Lewis acid B(C6F5)3 (entries
5 and 6). We observe no activity when polymerizations
are performed at 68 °C, possibly due to catalyst decom-
position at this temperature; moderate activity is ob-
served at 22 °C. We are examining the apparent anion
effects that are operative in these systems.17

In summary, these chelating diamide complexes of
titanium serve as active catalyst precursors for the
polymerization of 1-hexene. A variety of cocatalysts can
be used to activate the complexes; however, the presence
of toluene appears to compete with monomer insertion.
Successful polymerization of other olefins and further
ligand variations will be reported shortly.
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