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Cationic Hafnium Alkyl Complexes that Are Stable *
toward B-Hydride Elimination below 10 °C and
Active as Initiators for the Living Polymerization of

X :
1-Hexene (L) Hf nBu' i?’
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Recently we reported the synthesis and activation of zirconium : : : : : ‘ : ‘
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dialkyl complexes bearing arylated diamido pyridine ligands,
[(MesNCH,),C(CHz)(2-CsH4N)]?~ ([MesNpyF-), and their use Figure 1. 13C{*H} NMR spectra (0C, CsDsBr) for addition of 1-hexene

as initiators for the polymerization of 1-hexehblse of{[Mes- to 2*; (a) 1-2 equiv of 1-hexene, (b) 45 equiv of 1-hexene.

Npy]ZrMe} [B(CeFs)4] @s an initiator was complicated by forma-

tion of unreactive{[MesNpyLZr,Mes} [B(C¢Fs)4] and by 2,1- at 93.3 ppm corresponding to the isobutyl methylene carbon atom
insertion into the ZrMe bond followed h§-hydride elimination in 2* along with a resonance fdfCH,=CMe, at 111.1 ppm.

to give inactive specied[MesNpy]Zr(CHCHMe,)} [B(CgFs)J] The'H NMR spectrum {20 °C, GDsBr) for 2 shows resonances
was found to be an excellent initiator afQ in bromobenzene;  for the isobutyl methyl, methylene, and methine protons at 0.55,
only 1,2-insertion of 1-hexene into ZC bonds appeared to take  0.44, and 1.73 ppm, respectively. Unlike its zirconium analdgue,
place, and cationic intermediates appeared to be stable toward(MesNpy)Hf(-Bu)][B(C¢Fs)4] shows no sign of decomposition

B-hydride elimination. However{[MesNpy]Zr(CH,CHMey,)}- over a period 62 h at 0°C.
[B(CeFs)4] itself was unstable towar@-hydride elimination. We
now find that cationic hafnium complexes of the tyfjMesNpy]- Mes gy

HfR}[B(CeFs)4] (R = Et, n-Bu, i-Bu, n-Pr, i-Pr) that are formed Mes, N

i HE—i-B
upon treating [MesNpy]HfR with [PhsC][B(CsFs)s] can be N ‘? e w {[MesNpyHf(i-Bu)} [B(CéFs)a] (1)

characterized readily by NMR methods, are stable toward N - PhsCH - H,C=CMe,

SB-hydride elimination at 10C or below, and are active initiators e | 2
for the living polymerization of 1-hexene via 1,2-insertion into [MesNpy [H(i-Bu),

the Hf—C bond at a rate that is approximately half that estimated 1

for the Zr-catalyzed process.

The dichloride complex, [MesNpy]HfGI was prepared by
methods analogous to those used to prepare [MesNpyjZrCl
Dialkyl complexes of the type [MesNpy]HfR(R = Et, n-Bu,
i-Bu, n-Pr, i-Pr) were prepared by treating [MesNpy]Hi@Vith
Grignard reagents. All dialkyl complexes are stable at room
temperature in the solid state or in solution (benzene, toluene
ether, etc.). Perhaps the most unusual is [MesNpigPifg, whose
structure was shown by X-ray crystallography to be similar to
that of [MesNpy]ZrMe.! (The structure will be described later
in a full paper.) There is a good deal of evidence in the literature
that dialkyl group 4 metal complexes can be relatively resistant
toward 5-hydride abstraction, especially those of hafnium. For ; ; o ; PRI
example, CEMEL; is relatively stable only when M= Hf.2 A ?Ereerilosdngfs;gg k?;gr(ascg{ngpgéltlon Byhydride elimination over
variety of isopropyl complexes are known for metals outside of Consumption of 1-hexene by [(MesNpy)HBU)][B(CeFs)d]
gr%%?ifjtiin of [MesNpy]Hfg-Bu), (1) and [MesNpy]HIECH in CsDsBr at 0°C follows first-order kinetics. Two consecutive

X M arca 2 additions of 60 equiv of 1-hexene to a solutio .015 M) in
CHMe,)2 (1*) in CeDsBr with 1 equiv of [PRC][B(CeFs)a] at —20 CeDsBr at 0 °C )c/]ielded identical linear pIotanngIn[l-hez(ene]
°C led to formation of P¥CH, isobutene, and the isobutyl cations, versus time withkops = 0.059 mir® or k, = 0.067 M: s, No
[(MesNpy)Hf(-Bu)I[B(CqFs)a] (2 and 2*; eq*l). Thelsc{_lH} induction period was observed. Addition of 1-hexene to this
NMR spectrum (0°C, GDsBr) of activatedl* shows a singlet g\ ,tion after it had been stored at room temperature for 24 h led

Addition of 1-2 equiv of 1-hexene to a solution @f led to
a decrease in the intensity of the isobutyl methylene resonance
in 2* at 93.3 ppm, appearance of a nE@{'H} NMR resonance
at 49.0 ppm for the first insertion product, and appearance of
other resonances near 45 ppm for the second, third, and so forth
'insertion products (Figure la). Addition of 44 more equiv of
1-hexene led to the appearance of a resonance at 44.3 ppm for
the labeled methylene in the intermediate formed by multiple 1,2-
insertions plus the usual resonances (nattialabundance) for
atactic poly(1-hexene) formed via a 1,2-insertion process (Figure
1b). The living polymer is formed quantitatively (vs #IH), and

(1) Mehrkhodavandi, P.; Bonitatebus, P. J., Jr.; Schrock, B. Rm. Chem. to first-order olefin consumption of 1-hexene af@, but at a
Socz.zc')\loq 1$"2 é8-4%'k hashi. Taco. Chem. Red994 27 124 rate ~1/; of that observed originally. Resonances for vinylic
ES% Cﬁi%ﬁolym,'I‘\/I.all-l.a;1 Haa?itk'o, SCA I’:eolt'inge,3 K.; Hufffnan,'\]. Q. Am. pr_otc_)ns_at 4.84 and 4.82 pp_m indicated that scf md”de_
Chem. Soc1981 103 4046-4053. elimination had taken place in 24 h at room temperature; we

(4) Jaffart, J.; Mathieu, R.; Etienne, M.; McGrady, J. E.; Eisenstein, O.; propose to yield catalytically inactive metal-containing products.
Maseras, FChem. Commuri998 20112012 The value ofk, = 0.067 M ! s~* should be compared witk, =

(5) Jones, W. D.; Wick, D. Dlnorg. Chem.1997, 36, 2723-2729. _ . . .
(6) Pahor, N. B.; Dreos-Garlatti, R.; Geremia, S.; Randaccio, L.; Tauzher, 0.044 M st for polymerization of 1-hexene under identical

G.; Zangrando, Elnorg. Chem.199Q 29, 3437-3441. conditions with the analogous Zr speciassumingll Zr is active.
(7) Randaccio, L.; Bresciani-Pahor, N.; Toscano, P. J.; Marzilli, LIG. ~L e i H

Am. Chem. Sod 080 103 7372-7373. I-rllowe\r/]er, only /_ol, of trfwe Zrhwaséactlve in thgtopfétlc'\bjé?r rEP SO
(8) Reger, D. L.; Garza, D. G.; Lebioda, Drganometallics1991, 10, that the true value for the Zr system is0. s

902-906. approximately twice the value for the hafnium catalyst. Polym-
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Scheme 1. Activation of [MesNpy]HfES with
[PheC][B(CéFs)d]
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erization of 1-hexene at five temperatures between 5-a2d
°C yieldedAH* and AS values of 10.9(5) kcal mot and—23-
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cationic species in solution, [(MesNpy)Pr)][B(CqFs)4], and

the product of 1,2-insertion of propene into the—+d bond,
[(MesNpy)HfCH,CH(CH)(i-Pr)][B(CgFs)]. (Pyridyl ortho proton
resonances belonging to what we propose to be multiple insertion
products were also observed in the aromatic region ofHe¢MR
spectrum of this solution.) A3C DEPT experiment reveals a
resonance at 88.5 ppm corresponding to the hafnium methylene
carbon in [(MesNpy)HfCHCH(CH;)(i-Pr)]* and a resonance at
79.0 ppm corresponding to the hafnium methine carbon in
[(MesNpy)Hf(-Pr)]". The ratio of [(MesNpy)HfCHCH(CH)(i-

Pn)]* to [(MesNpy)Hf(-Pr)]" is 4.2:1 if activation is carried out
at—20°C. Formation of [(MesNpy)Hf{-Pr)]* was not observed
over a period b1 h at 0°C. Storage of the same solution at 10
°C for 24 h led to the disappearance of the resonances for
[(MesNpy)Hf(-Pr)]* and the appearance of two nétt NMR
resonances at 4.68 and 4.73 ppm corresponding to vinylic protons
of a g-hydride elimination product. In contrast only about half

(2) cal mol! K1 respectively. These values should be compared ©f the [(MesNpy)HfCHCH(CH)(i-Pr)]" had disappeared during

with those obtained for polymerization of 1-hexene with [(MesN-
py)Zr(i-Bu)][B(CeFs)s] (AH* = 8.1(7) kcal mott andAS = —33-

this time period. Therefore, we can say with confidence that
[(MesNpy)Hf(-Pr)]" is significantly less stable than [(MesNpy)-

(2) cal mol L K—1). Seven poly(1-hexene) samples (prepared at 0 HfCHZCH(CH%)(i-Pr)]*: Thg greater instability of an internal aIk_yI
°C) that contained up to 600 equiv of 1-hexene were found to towardj-hydride elimination has been postulated for some time
have polydispersities between 1.02 and 1.05 and molecularin Zr and Hf olefin polym_erization systerﬁf&.“We believe these _
weights (as determined by light scattering coupled with a results to be the first direct demonstration of that proposal in

refractive index detect®y that were essentially equal to the

molecular weights expected for a well-behaved living system

(Figure 2, Supporting Information).

Activation of [MesNpy]HfEL with [PhsC][B(CgFs)4] in CeDs-
Br at —20 °C led to formation of P§CEt and PECH and two
major cationic hafnium alkyl speciefgMesNpy]HfES [B(CgsFs)4]
and {[MesNpy]Hf(n-Bu)} [B(C¢Fs)4], in approximately equal

amounts. The first is formed by direct attack on an ethyl ligand
to give PRCEt, while the second is formed when trityl abstracts

ap-hydride from an ethyl ligand to give intermediagMesNpy]-
HfEt(C,H,)} [B(CsFs)4]” followed by insertion of ethylene into

the Hf—Et bond (Scheme 1). The assignment of resonances for

the two cations was made possible by gCOSY &i@l DEPT
experiments. The amounts {MesNpy]HfEG [B(CesFs)4] (47%),
PhCEt (43%),{[MesNpy]Hf(n-Bu)} [B(CsFs)4] (34%), and Pk
CH (57%) that are formed (with the sum of et and PRCH

set equal to 100%) suggest that some ethylene is lost from

intermediate {[MesNpy]HfEt(GH4)} [B(CgFs)4]” to give {[Mes-
Npy]HfELt} [B(CeFs)4] and free ethylene, which is then available
to react with{ [MesNpy]HfE} [B(CeFs)4] to form {[MesNpy]Hf-
(n-Bu)}[B(CeFs)4], and with {[MesNpy]Hf(n-Bu)} [B(CeFs)4] to
form higher insertion products{[MesNpy]Hf(CH,CH,).Ef} -
[B(CeFs)s] (~19%), wheren is greater than or equal to 2.
{ [MesNpy]HfES [B(CéFs)4] and{[MesNpy]Hf(n-Bu)} [B(CeFs)4]

can be distinguished from each other by the chemical shift of the
ortho pyridyl proton at 8.40 and 8.51 ppm, respectively, although

the ortho pyridyl proton resonance {fiMesNpy]Hf(CH,CH,),-
Ef} [B(CsFs)4] (8.52 ppm) overlaps with that faf[MesNpy]Hf-
(n-Bu)} [B(CgFs)4] in 500 MHz proton NMR spectra @DsBr, —20
°C). Addition of 1-2 equiv of 1-hexene to a solution containing
{[MesNpy]Hf(CH,CH,).Et} [B(CsFs)4] (n =0, 1, 2, ...) leads to

formation of two major insertion products which can be formu-

lated as 1,2-insertion producfgMesNpy]HFCH,CH(n-Bu)(Et)} -
[B(CeFs)4] (if n= 0) and{[MesNpy]HCH,CH(n-Bu)z} [B(C¢Fs)s]
(if n = 1), on the basis of3C DEPT experiments. Only a

cationic group 4 alkyl complexes.

It is becoming clear that in several of the cationic zirconium
diamido donor systems that we have been investiggtihgdride
elimination is slow in part for steric reasotts!* We now believe
that in the (MesNpy)™ systems, in particular, the [B§Es)s]~
anion itself contributes significantly to steric crowding by
interacting with the metal in as yet undefined waygrobably
transto the nitrogen donor. This viewpoint is inspired by recent
theoretical®”and experiment&°results on cationic metallocene
catalysts, which suggest that especially in solvents such as toluene,
even the [B(GFs)4]~ anion is a weakly bound ligand, and therefore
one must consider thHen pair as the reactive entity, not the cation
alone. Although we will now be able to measure a variety of
polymerization rates in these well-behaved systems, it is not clear
what process is actually being measured. We will try to resolve
some of these issues by varying the nature of the aryl group on
nitrogen and by measuring relative decomposition rates for
terminal and internal cationic alkyl complexes and relative rates
of reaction of cationic terminal and internal alkyl complexes with
olefins. The results of these experiments will be reported in due
course.
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