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One of the more active areas of chemical research over the past
decade has been the discovery and development of new molecular
catalysts for the oligomerization and polymerization of olefins
(ethylene g-olefins), particularly the search for “non-metallocene”
polymerization catalystsand for new catalysts for the production
of linear a-olefins from ethylené&.Olefins in the G—C,o range
are produced on a large global scale as comonomers for polyeth-
ylene, for surfactant production, and for synthetic lubricénts,
predominantly through the use of aluminum alkyls or Ni-based
catalysts (SHOP).Heterogeneous polymerization catalysts based
on Cr are well established in the form of the Phillips and Union
Carbide systems (Cr/SH) and much interest in Cr-based poly-

merlzatlon catalysts has arisen from these technolégispar- Figure 1. Molecular structure of. Selected bond distances (A) and angles
ticular, the development of homogeneous models for these systemsgeq): Cr(1)-C(4) 2.120(6), Cr(1}C(14) 2.087(6), Cr(BN(3) 2.049-
has been exploreétResearch in this area frequently involves the (4), N(3)-Cr(1)~C(14) 76.3(2), N(3)-Cr(1)~C(4) 75.68(9), C(14}Cr-
design of new ancillary ligands to support and activate the metal (1)—C(4) 154.9(2).

center toward polymerization. In this respect, over the past decade
there has been much interest in the application of heterocyclic

Scheme 1

carbene ligands over a broad range of catalytic reactions. For m | \
example, Pd-based catalysts for-C coupling reaction$,and /N N2 N N CrCly(thf)s N7 SN SN
highly active catalysts for ring-opening metathesis polymerization (N\) ._I:’\> [)_/é,\_k}
based on Ru-carbene complefdsave been developed. Interest- F{ \R N ¢l C‘I Cl ﬁ

ingly, however, the use of these ligands in conventional olefin R
oligomerization and polymerization catalysts has yet to be exploited, R =;'zf, (;) 2
and their application_ in these _reactions has been very limited. 113;;;”%“%/'3(@))
Although half-sandwich chromium carbene adducts have been

evaluated for ethylene polymerizati®and imine-functionalized
carbene complexes of several transition metals have been disclose
in the patent literatur&) their activities have proved disappointingly
low. Simple carbene adducts of the group 4 metals were found to catalysts for ethylene oligomerization.

giv_e low to moderate activity for_ the polymerization of ethyléhg, The green Cr(lll) complexe—3, with differing degrees of steric
while carbene complexes of Ni(ll) were found to be very active hindrance on the carbene donor, were prepared in go@d%)

for c-olefin Q|mgr|;at|on, but only_when stabilized by an lonic I|qU|_d yield via the reaction of the corresponding bis(carbene)pyridine with
sqlvgnt,_whlch I|m|ts_d¢comp_05|t|on _of the complexes via reductive CrCl(THF)s in tetrahydrofuran at room temperature (Schem 1).
ellslnatlon of Ialkéll-\;rgldgzollulr_n Caélonfz'h f 2 6-(1-alkvlimi Crystals of complext suitable for an X-ray diffraction study
ery repenty, Ve-pincerigands o the form 2,6-(1-alkylimi- o o grown by diffusion of dichloromethane into a DMSO solution
dazol_-_2-yI|dene)pyr|d|ne have been prepared and complexe_d to Iatemc the complex. The molecular structure &f5 which shows a
transition metals,_and th_ese complexes have _been apP"Ed to a'slightly distorted octahedral geometry, along with selected bond
number of catalytic reactiori8.To date, the,s,e tridentate ligands distances and angles is shown in Figure 1. To our knowledge, this
have not been complexed to early transition metals, nor have represents the first structural characterization of a Cr(lll) hetero-

complexes of them been evaluated for olefin polymerization. It is cyclic carbene complex. The €C distances [2.087(6), 2.120(6)
notable that this ligand bares structural similarities to the bis(imino)- A] are similar to those in Cr(ll) carbene comp]exes ['2.1'232(13)

pyridine I.igar.1ds that haye bgen employed to stabilize highlybactive 2.127(5) Al while the chelate bite angles of the CNC ligand [76.3-
oI|gomerlzathn/polymerlzatlon catalyst_s based on Fe gnd Co. (2)°, 75.68(9)] are similar to those in bis(imino)pyridine Cr(lll)
This, along with the lack of representation of heterocyclic carbene complexes (7778).17

ligands in olefin oligomerization/polymerization systems, prompted The results of ethylene oligomerization tests uslng, along

- : with MAO cocatalyst, are collected in Table 1. Other cocatalysts,
{imperial College London. such as diethylaluminum chloride and triisobutyl aluminum/trityl-
§King's College London. B(CsFs)3, were also tested and found to be inferior to MAO. In the

‘?Js to evaluate complexes of CNC-pincer carbene ligands as catalysts
or this reaction. Herein, we report new Cr(lll) complexes of these
ligands which, in combination with MAO, give exceptionally active

12716 = J. AM. CHEM. SOC. 2003, 125, 12716—12717 10.1021/ja0372170 CCC: $25.00 © 2003 American Chemical Society
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Table 1. Ethylene Oligomerization Results Using 1—32
Pemylene
entry  catalyst (bar) Tnad activity® prod.¢ K -0l %
1 1 5 44 727 1817 0.48 93
2 1 1 33 1394 697 0.46 92
3 2 5 70 2263 5657 0.78 93
4 2 25 60 2623 3279 0.78 90
5 2 1 46 5490 2745 0.78 89
6 2 1 25 12065 6032 0.75 80
7 3 5 25 15 37
8 3 1 23 73 37
9 2f 1 2% 27100 13550 0.78 80
10 29 1 2% 40440 20220 0.80 86

a[Cr] = 20uM, toluene, 500 MAO, 30 min? Temperature reached due
to exotherm¢& g(product) mmol(Cry! bar! h=L dOverall productivity
g(product)/mmol(Cr)& Temperature held constant throughout At uM
[Cr], 1000 MAO, 1000 Al{Bu)s scavenger? 4.54M [Cr], 1000 MAO, 3000
Al('Bu)s scavenger.

case ofl and 2, an immediate exotherm is observed with no
induction period. There is a remarkable effect of ligand structure
on activity. While 1, and particularly2, are very highly active,
complex 3, which contains adamantyl substituents, shows only
moderate activity, giving mainly polymer with trace oligomers.
Complexesl and 2 give rise in each case to a Schuklory

distribution ofo-olefins, characterized by tHevalué® (see Table

1). TheK value for the ligand bearing the 2,6-diisopropylphenyl
group is larger than that for the ligand bearing isopropyl groups,

as might be expected on the basis of literature precedents which

show increasin& values with increasing steric butk!® The K

and the potential for them to act as ancillary ligands for early
transition metal olefin polymerization seems promising.
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