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Bis(imino)pyridine Iron(ll) Alkyl Cations for Olefin Polymerization
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When activated with an excess of methylalumoxane (MAO), bis- AN AN .
- S . . . BPh,
(imino)pyridine iron and cobalt dichloride complexes are highly | _ | P
active for the polymerization and oligomerization of ethylene and [ N | [PhMe,NH][BPh,] [N I
a-olefins! Despite intense interest from both académimd AT_N\Fle/N—Ar %» Ar—N\F|e+/N—Ar @)
industriaf laboratories, the mechanism of the activation process [ CH,SiMes - PhMe,N | YCH,SiMeg
and the nature of the propagating species are not well understood. CH,SiMeg - SiMe, L

2-Et,0: L = Et,0

Recent studies with the cobalt catalysts are consistent with an MAO- 2.THF: L= THF

induced reduction to Co(l) rather than formation of a discrete Co-
(1) alkyl cation?2 Isolated bis(imino)pyridine cobalt(l) methyl and  pyramidal, similar tol-Cl,! and 1-(CH,SiMes),,° with the donor
chloride complexes, when treated with MAO or a borate activator, ligand coordinated in the basal plane and the alkyl group occupying
are active for ethylene polymerization, suggesting that preformed the apical site. FoR-Et,0, the iron atom lies 0.660(1) A out of
cobalt alkyls are not a prerequisite for catalytic activitg. the ligand plane, and a similar value of 0.680(1) A is found for
For iron, the identity and oxidation state of the propagating 2-THF. The iron-carbon bond lengths of 2.087(5) and 2.034(3)
species are more controversial. Initial experiméngad compu- A for 2-Et,O and2-THF are comparable to the value of 2.062(3)
tational results supported cationic iron(ll) alkyls and hydrides upon A for the apical alkyl group irl-(CH,SiMej),.°
activation with MAO. However, a combined ‘Msbauer and EPR Attempts to induce alkyl abstraction ir(CH,SiMej3), with the
spectroscopic study suggested that all of the iron is oxidized to the neutral borane, B(§s)s, resulted in silicon methide abstraction
ferric form under catalytic conditior’s.Here we describe the  followed by rearrangement. The base-free cationic alkyl complex,
synthesis and crystallographic characterization of bis(imino)pyridine [(iPrPDI)Fe(CHSiIMe,CH,SiMes)][MeB(CsFs)3] (3), was isolated
iron(ll) alkyl complexes and report their activity for ethylene as a red solid in 39% yield (eq 3). A similar abstraction
polymerization. These results establish that ferrous alkyl cations

are indeed catalytically competent. A A

We previously reported the divergent alkylation chemistry | _ | _
associated with the five-coordinate ferrous dichloride precursor, | T | B(CeFs)s | l|4 | [MeB(CqFs)sI
(((2,6-CHMe),CsHsN=CMe),CsH3N)FeCb ((PrPDI)FeC}, 1-Cl,).° A'_N\Fe\/NfAr — A N— _* N—Ar ®)
Treatment with 2 equiv of small alkyllithiums such as MeLi yielded éHzgﬁﬁ'Mes (I:HQSiMeZCHZSiMea

1-Me, the product of reductive alkylation, while larger reagents
such as LiCHSiMe; furnished the ferrous dialkyl-(CH,SiMe3),

(eq 1). rearrangement sequence has been observed with a titanium bis-
(trimethylsilyl)methyl complexX? In the present case, the preference

1-(CHzSiMe3)2 3

\ t | t for silicon methide over iron alkyl abstraction is most likely a result

‘ h‘l i 2 LiCH,SiMe 2 Mol ONT of the steric protection imparted by the bulky aryl groups that

AN —p N THE . "% L impede the approach of the Lewis acid to the metal center.

dtponeSites A =2,67Pry ety b, Previously, we reported that activation of the corresponding four-
1-(CH,SiMes), 1-Me coordinatep-diimine ferrous dialkyl with B(GFs); resulted in initial

alkyl group abstraction, followed by aryl group transfer from boron

Treatment ofl-(CH,SiMes), with [PhMeNH][BPh,] in toluene to iron, affording a neutral Fe(ll) aryl alkyl compouktiThese
resulted in protonation of one of the alkyl ligands to furnish a red- results highlight the importance of terdentate ligands for catalysis
brown solid, tentatively identified as the base-free alkyl cation, and are consistent with the reduced polymerization activities
[(PrPDI)Fe(CHSIiMes)][BPhy] (2). To obtain more crystalline observed with bidentate supporting ligarids.
products, the protonation reaction was repeated in the presence of Solid-state magnetometry on powdered sample3 yielded a
neutral donors. In this manner, both the diethyl ether and THF magnetic moment of 4.GB, consistent with the spin-only value
adducts, [PrPDI)Fe(CHSIMe;)(L)][BPhy] (L = EtO, 2-Et,0; for four unpaired electrons. Accordingly, the benzeéH NMR
THF, 2-THF), were prepared and isolated in 54 and 74% isolated spectrum of3 exhibits the number of resonances forGCa,-
yields, respectively (eq 2). Solid-state magnetometry (Gouy method) symmetric compound that are paramagnetically shifted over a 250
produced magnetic moments of 4.8 and 4B, consistent with ppm chemical shift range. The hydrogens attached to the carbon
high-spin, iron(Il) complexes with four unpaired electrons. bound to iron were not located. Three singlets are observed for the

Both 2-Et,0 and 2-THF have been characterized by X-ray [MeB(CsFs)s] anion by'°F NMR spectroscopy; significantly, the
diffraction, and the molecular structures of the compounds are para resonance is shifted upfield td72.5 ppm.
presented in Figure 1 and are topologically similar. There are no  The solid-state structure & determined by X-ray diffraction,
obvious interactions between the iron cations and the JB#tions. is presented in Figure 1. The geometry about iron is best described
The geometry about iron is best described as distorted squareas distorted square planar where the metal lies 0.316(1) A out of
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Figure 1. Molecular structures 02-Et,O, 2-THF, and3 at 30% probability ellipsoids; anions and hydrogen atoms are omitted for clarity.

Table 1. Ethylene Polymerization Data?
productivity? Mye
time yield (g-mmol—t- (103 g/ melting

compound (min) (9)° h=t-bar~?) mol) PDI°  temp (°C)
2-Et,0 5 trace
2-Et,0 30 0.43 86 317 2.5 133
2-THF 30 trace
3 5 0.38 218 199 1.6 132
1-Cl/MAO ¢ 5¢ 0.79 942 172 2.3 129

a Polymerizations were carried out using Aol of catalyst in 10 mL
of toluene at 23C with 1 bar of ethylene? Mean values over two runs.
¢ Determined by high-temperature GPC in 1,2,4-trichlorobenzéRe:Al
= 1:600.® Mass transfer problems after approximately 2 min.

as a propagating species. Importantly, these compounds will allow
further investigation into both the kinetics and the mechanism of
iron-catalyzed carboncarbon bond-forming reactions.
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In summary, we have reported the first examples of single-
component iron catalysts for olefin polymerization. While the nature
of the active species for MAO-activated catalysts remains specula-
tive, our results establish the competency of iron(ll) alkyl cations
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