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Activation of Bis(phenoxyimino)zirconium Polymerization Catalysts
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The intermediates of olefin polymerization over homogeneous catalysts based bir(3sisft-
butylsalicylidene)anilinato]zirconium(I1V) dichloridgL®¥),ZrCl,} (1-Bu), bis|N-(3-methylsalicylidene)-
anilinato]zirconium(1V) dichloridg (LM®),ZrCl,} (1-Me), and bisN-(salicylidene)anilinato]zirconium(IV)
dichloride{(L"),ZrCl;} (1-H) with different activator§ methylaluminoxane (MAQO) and AIMgCPhy]*-
[B(CsFs)4]} have been studied Y4 and**C NMR spectroscopy. Heterobinuclear ion pairs§{l.Zr-
(u-Me)AlMe ;] '[Me-MAO] ~ (2-Bu) and [(LBY),Zr(u-Me)AlMe ;] T[B(CsFs)4] ~ (2-Bu) are formed upon
activation of 1-'Bu with MAO and AlMey/[CPhy][B(CsFs)4]~, respectively. These species are the
precursors of the highly active intermediates of polymerization. In contrast, the activatiesMefwith
MAO results mainly in the formation of the tight ion pair [(£),ZrMe*---Me-MAQO™]. This ion pair is
the precursor to a poorly active intermediate of polymerization. In the catalytic sydte#islAO
and1-H/AIMey/[CPhy] " [B(CsFs)4] ~, the aluminum ion pairs [tAl(«-Me)(u-Cl)AlMe,] F[Me-MAO] ~ and
[LHAI(u-Me)(u-ClAIMe ] [B(CsFs)4] ~, which were inactive in ethylene polymerization, are predominantly
formed. The isomeric composition 8F'Bu is close to that of the initial complek'Bu. The main route
of the 1BUu/MAO catalyst deactivation is the ligand transfer to aluminum with the formation of the

complex LBUAlMe>.

Recently, new and highly active group 4 polymerization cata- by Lewis acidic cocatalysts such as methylaluminoxane (MAO)
lysts based on phenoxyimine ligands have been discovered byor AIRs/[CPhs]"[B(CeFs)4] ™. In a recent study of the living

Fujita and co-workers at Mitsui Chemicdld*>These catalysts

polymerization catalyst bisF(3-tert-butylsalicylidene)-2,3,4,5,6-

attract considerable interest with regard to their ability to conduct pentafluoroanilinato]titanium(lV) dichloridg(L"),TiCl2} (Scheme

living olefin polymerization and lead to new polymeric
materialst—24 To form the active centers, they must be activated
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1), it was shown that activation of {TiCl, with MAO

or AlMes/[CPhs]*[B(CsFs)4]~ leads to the formation of the
initiating active species [[D).TiMe(S)]"[Me-MAO]~ and
[(LF),TiMe(S)]T[B(CeFs)4] ~, respectively (S is a weakly coor-
dinated solvent molecule). These species react with ethylene to
afford the chain-propagating species J4TiP] [Me-MAQO] -
and [(LM),TiP]*[B(CeFs)4]~ (P is the growing polymer chain).
The main route of (E),;TiClI,/MAO catalyst deactivation is
the ligand transfer to aluminum with formation of the com-
plex LFAIMe,.112° Similar initiating species were observed in
highly active polymerization catalysts obtained upon activation
of bis[N-(phenyl)pyrrolylaldiminato]titanium(IV) dichloride
{(L")TiCl3} and (-(3-tert-butylsalicylidene)-2,3,4,5,6-pen-
tafluoroanilinatoN'-(phenyl)pyrrolylaldiminato)titanium(lV)
dichloride (LLFTiCl;) with MAO (Scheme 1). They are
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Activation of Bis(phenoxyimino)zirconium Catalysts

Scheme 1. Structures of Titanium Complexes Studied
Recently*12021and Zirconium Complexes Studied in This
Work
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outer sphere ion pairs [()2TiMe(S)['[Me-MAO]~ and
[L'LFTiMe(S)]"[Me-MAQ] ~.2 Very recently, it was shown that
activation of hafnium bis(phenoxyimino) dibenzyl complexes
with B(CgFs)3 led to the cationic bis(phenoxyimino)hafnium
monobenzyl species, which was active in ethylene polymeri-
zation??2 Thus, for some titanium and hafnium bis(phenoxy-

imine) and bis(pyrrolidoimine) catalysts, the active species of spectrum of [BYAiMe, (Table 1)
polymerization (or their precursors) were characterized, but there

are no such data for zirconium-based counterparts.
Zirconium bis(phenoxyimino) dichloride complexes bearing
phenylimino groups are much more active in ethylene polym-
erization than titanium and hafnium analogues. It was found
that zirconium complexes with bulky substituent R in position
3 of the phenolic ring (R= tert-butyl, adamantyl, cumyl) are
highly active in polymerization of ethylene, while those with
smaller substituents (R= 'Pr, Me) are poor catalystsTo

Organometallics, Vol. 26, No. 19, 24R1I71

Table 1. SelectedH NMR Chemical Shifts (ppm, 20 °C,
Toluenedg) for Complexes Formed upon Activation of 1!Bu,
1-Me, and 1-H with MAO and AlMe 3/[CPh3]T[B(CsFs)4] ™

no. species RCH ®Bu Al-Me u-Me

1 (LBu),ZrCl, (1-Bu) 752 147

2 [(LBY)Zr(u-Me)AlMe,] 781 101 d —-0.82
[Me-MAQO] ~+(2-1Bu)

3 [(L'BY)Zr(u-Me),AlMes)] 777 124 d —-0.91
[B(CéFs)q] ~ (2-'Bu)

4 [(LBYZr(u-Me)AlMey)] ™ 7.76 —-0.45 -0.67
[B(C6F5)4] - (2-‘Bu)a

5 LBuAIMe; (3-Bu) 7.51 151 -0.30

6  (LMe),zrCl, (1-Me) 801 b

7 [(LMe).Zr(u-Me)AMe)] 764 c -0.45 —0.87
[B(CeFs)a] ~ (2-Me)

8  [LMeAl(u-Me)(u-Cl)AlMe,]*  7.41 -0.67 —0.78
[Me-MAOQO]~ (5-Me)

9 [LMAI(u-Me)(u-Cl)AIMe ]+ 7.48 -0.66 —0.75
[Me-MAO] -~ (5-H)

10 [LMAl(u-Me)(u-Cl)AlMe,] " 7.46 —-0.66 —0.72

[B(CeFs)a]~ (5-H)

a|n 3:1 = toluenedg:decahydronaphthalene a0 °C. ® Me resonance
ato 1.5-2.5.¢Me resonance ai 2.01.9 Broadened at 26C.

resolved peaks (Table 1). After addition of MAO (Al:Zr 300—
500, 20°C, toluenesds), 1-'Bu is converted to the complexes
further denoted a&-'Bu and3-'Bu (Figure 1a, Table 12-Bu
is unstable at room temperature and rapidly convert3-&u
within 1/2 h (Figure 1b). ThéH NMR spectrum of3-Bu
coincides entirely with the previously reporteédH NMR
25 Thus, 3-Bu is aluminum
complex LBUAIMe,. Previously, similar ligand transfer to
aluminum was observed for titanium complexeS){LiCl, and
(L")2TiCl; (Scheme 1j1:20.21

2-'Bu exhibits the!H NMR resonances at 7.81 (imine) and
1.01 (Bu) and that ath —0.82 (Figure 1a). The imine ariBu
resonances o2-'Bu and 3-Bu were previously observed by
Makio and Fuijitat! However, the identification of these species
was not completed. On the basis of previous studies of
metallocen& 3> and post-metalloceA®?! systems, two alterna-

elucidate the reason for this dramatic effect of the substituent tive structures can be suggested26Bu: heterobinuclear ion

Ron the catalytic activity, it_ is necessary to _identify the inter- pair [(L®),Zr(u-Me),AlMe] “[Me-MAO] ~ and outer sphere ion
_medlates formed upon activation _of zirconium bls(ph(_ano_xy- pair [(L®Y),ZrMe(S)]'[Me-MAO] - (S = molecule of solvent).
imine) catglysts Wlth.varlous supsptuents in the phenolic ring. The attempt to us&C-enriched MAO for the recording of the
Some zirconium bis(phenoxyimine) catalysts are capable of 13c NMR spectrum o2-Bu was unsuccessful due to the low
producing polyethylene with uni-, bi-, and trimodal molecular  4|pjjity of the latter species. The heterobinuclear ion pairs

mass distrilbution depending on the_reaction con_ditions. This tormed upon activation of metallocenes with either MAO or
multimodality was attributed to the existence of various isomers AlMe3/[CPhs]*[B(CsFs)s]~ have identical cationic parfd:3

of the initial zirconium complex and hence of the active

intermediaté* Until now there were no experimental studies

that allowed comparison of the isomeric composition of the
initial bis(phenoxyimine) catalyst and that of the active species
of polymerization.

In this work, we report the results of thtH and 13C
NMR study of the intermediates formed upon interaction of bis-
[N-(3-tert-butylsalicylidene)anilinato]zirconium(lV) dichloride
((L'BY),ZrCly) (1-Bu), bis[N-(3-methylsalicylidene)anilinato]-
zirconium(lV) dichloride ((M€),ZrCl,) (1-Me), and bisN-
(salicylidene)anilinato]zirconium(lV) dichloride (t),ZrCl,)
(1-H) with MAO and AIMes/[CPhg] "[B(CsFs)4]~ (Scheme 1).

The main goal of the study was to elucidate how the structure

and stability of the intermediates correlate with the catalytic

activity of the above systems and the structure of the produced,,

polyethylene.
Results and Discussion

1Bu/MAO System. The IH NMR spectrum of the initial
complex1-Bu in tolueneelg at 20°C displays sharp and well-
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Figure 1. 'H NMR spectra of the aromatic (A) and aliphatic (B) regions of tHBu/MAO sample 10 min (a) ah1 h (b) after storage
of the sample at 25C in toluenedg ([1Bu] = 2 x 1072 M, Al:Zr = 300). The amplification in (A) is 8 times larger than in (B).

Thus, we can use the data on the structure of the ion pair formed c
in the 1-'Bu/AlMe/[CPhs] T[B(CsFs)4] ~ system for the assign- |
ment of the corresponding intermediate in théBu/MAO i "\ d M
counterpart. s N L\
1-'Bu/AlMe 3/[CPh3] T[B(CeFs)s]~ System. The 'H NMR
spectrum of the samplé-Bu:AlMes:[CPhs]T[B(CeFs)s] ™ =
1:10:1.1 in tolueneds recorded 10 min after mixing of the
reagents at room temperature displays thitdepeaks in the
range of imine protons at 7.77, 7.72, and 7.61, several peaks
from 'Bu protons in the rangé 1—1.5, and an intense peak at
0 —0.91. After storage of the sample at room temperature, the — e . . .
observed picture is simplified and predominantly one complex 04 02 00 -02 -04 -06 -08 PPT
remains in the solution. This complex, further referred to as Figyre 2. *H NMR spectra at-20 °C (a) and 20°C (b) of the
2'-'Bu, displays'H NMR peaks § 7.77 (imine), 1.24'Bu), and samplel-Bu:13C-AlMes[CPhy] *[B(CeFs)s]~ = 1:50:1.1 in 3:1=
—0.91) close to those fo2-Bu (Table 1). As in the case of  toluenedg:decahydronaphthalene. The sample was stored for 10 h
2-Bu, two alternative structures can be suggested2féBu: 2&230&()3 ?Defo[(e rdecor?"égbOf ttkt:e INt'\t/lR S‘Pfﬂfudm%fnﬁtl)l]l: 2 tX "
[(LB)2ZrMe(S)IT[B(CeFs)a]~ or [(LBY)2Zr(u-Me),AlMe2)]*- - Peaks genoted by the etlers ¢ an elong to the
[B(CeFs)4] ~. To discriminate between th@ése structures, it is AlSCH; andu-1*CHs groups of2-Bu, respectively. The asterisks
. . show peaks of the minor isomers #fBu.
important to measure the value of thiy coupling constant
for the resonance at —0.91. It was shown previously that for ~ groups seem to be less mobile than the terminal otteEe
the terminal Zr-Me group ey =120-125 Hz, whereas for ~ ratio among the iminey-Me, and A-Me peaks oP'-'Bu was
bridging Zr—Me—Al or terminal Al-Me groupstley = 112— 2:6:6, in agreement with the structure ‘f),Zr(u-Me)AlMe,] -
114 Hz2% 32To determine'Jcy for the resonance at —0.91, [B(CsFs)4] . The determinedlcy values (112.4 and 114.8 Hz)
we have use#C-enriched AlMe (95%13C). The'3C-enriched are with_in the range ty_pical fqu-Me and A-Me protons of
AlMe; was availablesa 1 Msolution in decahydronaphthalene.  Neterobinuclear ion paif8:2

The presence of decahydronaphthalene in the reaction mixture Thesg data_aIIO\é\{J the conclusion tr?ttBu is a_heterobi-
decreased the solubility o?-Bu and thus prevented the nuclear ion pair, [(E),Zr(u-Me)AlMe] "[B(CeFe)a] . Appar-

: Hel ently, 2-'Bu, exhibiting a'H NMR spectrum similar to that of
detection of its ?;C ’\lIMR peaks. Hoxvever, théf' NMR 2'-Bu, is the heterobinuclear ion pair [f).Zr(«-Me)AlMe] *-
spectrum of thel-‘Bu/*3C-AlMes/[CPhg] T[B(CeFs)4] ~ System , L
; P ) . . [Me-MAO]~ (Scheme 2). Remember that the activation of the
in a3.1—toIuengdg.decqhydronaphtha!ene mixture dlsplaygd titanium complex (E);TiCl, with MAO or AlMey/[CPhy]*-
very sharp and |nf'otrmat|ve peaks, which allowed elucidation [B(CeFs)4]~ leads to the outer sphere ion pairs{TiMe(S)]*-
of the structure o2'-Bu. [Me-MAO]~ and [(LF);TiMe(S)[*[B(CeFs)a~2° Thus, the

The 'H NMR spectrum of the samplé-‘Bu/**C-AlMey/ diverse structures of the initiating active species of polymeri-
[CPh] "[B(CéFs)4] ~ (Zr:Al:B = 1:50:1.1) recorded at 20 °C zation are possible for various bis(phenoxyimine) catalysts
10 h after sample preparation shows two doublets of equal ([L(M)Me(S)]" and [LoM(u-Me),AlMe,]t, M = Zr or Ti).
intensities in the region of negative chemical shifts as was Further studies are needed to elucidate what electronic and
expected fop-Me and A-Me resonances of heterobinuclear —structural factors determine the structure of the initiating active
ion pair [(LBY),Zr(u-3CHs) Al(13CHs),] 1[B(CeFs)s] ~ (see peaks  species of polymerization.

denoted by the letters “c” and “d” in Figure 2a). At 2Q, one Itis worth noting that the:-Me and A-Me peaks of'-'Bu
of these doublets is broadened, whereas the other one remaingisplay two small satellite signals denoted with asterisks. The
sharp (Figure 2b, Table 1). The doubletéat-0.66 ¢Jcy = ratio among the main signal and the minor ones is about 1:5:1

112.4 Hz), sharp at both 20 antR0 °C, can be assigned to the (36) In tolueneds a 4-Me resonance o2-Bu is observed ab —0.91,

#-Me moiety, and that at —0.45 (Jen = 114.8 Hz), broadened  nereas in a 1% tolueneds decahydronaphthalene mixture it is observed
at 20°C, can be assigned to the-AMe moiety (bridging Me atd —0.66 due to the effect of solvent.
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Table 2. Ethylene Polymerization over Phenoxyimine
Complexes, Activated with MAO and AlMes/

Scheme 2. Proposed Structures of Complexes Formed upon
Activation of 1-‘Bu, 1-Me, and 1-H with MAO and AlMe 3/

[CPh3]*[B(CeFs)d] [CPh3]T[B(CeFs)4]~ Cocatalysts
_ - CoHg activity
/Me Me ® [2r], pressure [(kg of PE/mol
2-R LRZZr \ }Al/\ [Me-MAO] S entry complex cocatalyst x 10°M (bar) of Zr) bar min]
Mé‘ Me 1 1-'Bu MAO 3.6 2 1820
B N ® 2 1Bu borate 3.6 5 450
r b 3 1-Me MAO 25 5 17
,,'Me\ Me ) 4 1-Me borate 25 5 7
2'-R LR, Zr Al [B(C6Fs)4l 5 1H MAO 25 5 0
2 \ L ~
Me Me 6 1-H borate 25 5 0
- - 7 CpZrCl, MAO 14 2 42
R 8 CpZrCl, borate 14 3 43
3R L7AIMe, a Polymerization conditions: (entries-B) 40 °C, 3 min, toluene 150
® S mL, cocatalyst MAO (Al:Zr = 1000), cocatalyst borate (Zr:AlMe
4-R LR.Zr “‘“m“{Me-MAO] [CPhs] "[B(CgFs)s]~ = 1:100:1.1); (entries 7 and 8) 5C, 3 min, toluene
B 2 70 mL, cocatalyst MAO (Al:Zr= 1000), cocatalyst borate (Zr:AlMe
Me [CPh] *[B(CeFs)s]~ = 1:100:1.1).
- 1®
e Me o MAO | 5-Me
5-R LTAIS AR [Me-MAO] \|
I o Me)
| ' 5-Me
- . 1@ |
e\ /Me 5-Me | L9 .'-_,4'Me
SR [LA il [B(CeF2)(© alle ¥ LN NHEN L
L Yo Ml A WM -
(Figure 2). Similar satellite peaks were observed for the initial W S,

760  7.20

complex 1'Bu in C,D.Cly by H and N NMR.?* Bis-
(phenoxyimine) catalysts potentially possess five isorén.

YTl S il i e
Figure 3. H NMR spectrum of the sample-Me/MAO recorded

the basis of X-ray analysis data and DFT calculations, Fuijita et 29" min after sample preparation in toluetigat 20°C ([1-Me] =

al. assigned the main NMR signal ®fBu to isomer a and the

3 x 1073 M, Al:Zr = 100).

minor paired signals to isomer b, which is the only isomer that
has chemically nonequivalent phenoxyimine ligatfdSimilarly,

the main and minor paired signals 2f'Bu can be assigned to
heterobinuclear ion pairs with the structurgsaad h, respec-
tively. Thus, the isomeric composition of the intermediate
2'-Bu is close to that for the initial comple!Bu. The catalytic

systeml-tBu/MtA O affords polyethylene with unimoo!al M.M@' sample preparation at 2L shows an imine signal &t 7.41,
Thus,_for thel-_Bu/MAO system, the presence of minor isomers .o nonuniformly broadened signals near-0.85 and—0.97,
of active species has no pronounced effect on the modality of _ | | sharp peaks dt —0.67 and—0.78 (Figure 3). The imine

Fhe pol.ymer. Fur.ther it will pg more intgresting o study the signal ato 7.41 is a superposition of sharp and broad peaks.
Isomeric composition of the Initiating active species of polym- The observed spectrum does not change during several hours
erization for those catalysts which produce multimodal poly- at room temperature. As was shown previously, the cationic
ethylene. S : A
. I t of the tight M)Met---Me-MAO displ

Data on the catalytic activities of tHe'Bu/MAO (Al:Zr = parto 1f| 'g dl?gré:pﬁlr\j#( .) el f e ]Cﬁn I\I/ISAF\) ay

1000) andL-Bu/AIMey/[CPh] [B(CeFs)a]~ (ZFAIB = 1:100:  “orous ™ an signals for various [Me-MAQ]
P\ -6 5/4 S e counteranions, whereas the chemical shifts of the cationic
1.1) systems are presented in Table 2. Data for well-known part of [LM(u-Me),AlMe;]*[Me-MAO] - are insensitive to
catalysts based on gfrCl, are given for comparison. Under the nature of [Me-MAOT 31-3537 As a result, [lo(M)Me ™+
o " A : ,

the polymerization conditions uset BU/MAO demonstrates Me-MAO™] species exhibit nonuniformly broadened, compli-
very high activity (Table 2, entry 1), exceedm? that of the cated signals, while iM(u-Me),AlMe;] F[Me-MAO] - species
szngb/MAlo syster_‘?h l(entry |7)' 'Il'he systerﬂld- BUIMAOMMD show relatively sharp and well-interpreted peaks. On the basis
p'\r/lo Ecg ipoly(g]?\;ls /VI\\;: _ozvvzmc_)rﬁcu allr mass an lnarr%w ined of these data, the broad signal néaf.41 and broadened signals
( AT tX AL )- The polymer sampies o tained  nears —0.85 and—0.97 can be assigned to the tight ion pair
with the 1'Bu/AlMe 3/[CPhs] "[B(CeFs)4] ~ System are character- [(LMe),ZrMet+--Me-MAO-] (4-Me) (Scheme 2). The sharp

ized by a slightly higher molecular maskty = 14 x 107, peaks at) 7.41,—0.67, and—0.78 belong to the new complex
Mw/Mn = 2.6). 5-Me. The nature of this com) i i
_ -Me. plex will be discussed below. In
} + 1
: 'YIE/Alee#][CPhﬂ [a((li/ld:'%lll]\/l S.;g;em;';h% ||:-| NfME contrast to the ‘Bu/MAO system, where outer sphere ion pairs
iple; {”1”.‘ (t) | € samp d 3.10 es . he] [ (|6 5)a) o, 2Bu are the major species, in the catalytic systeie/MAO,
shov;/s. mlgincl)yugggjli,srg?ct)rrleeheter?tl)ri]nic?erasrair:r? Sglr*"ef;)g? on, tight ion pairs4-Me dominate in the reaction solution. Thus, in
) the 1Bu/MAO system, the bulkyBu substituent prevents the
; + - (o 1 '
(/; hzlllelz/lelMez]. [?(CGtFE’);‘L t(z fl\z/l'et)é Thgla_ |;I NMRTer)ectrtJhm tight contact of [Me-MAOT with zirconium and thus has a
of 2-Me is similar to that of2-Bu (Table J. Thus, the strong positive effect on the catalytic activity.
structures of the initiating active species of polymerization
formed in the 1-Bu/AlMe3/[CPhs] T[B(CsFs)4]~ and 1-Me/
AlMe3/[CPhg] "[B(CeFs)4] ~ systems are similar. The dramatic

difference in the productivity of the above systems (Table 2)
can be caused by the various activities of the propagating
intermediates of polymerization.

1-Me/MAO System. The 'H NMR spectrum of the sample
1-Me/MAO (Al:Zr = 100) in toluenedg recordel 1 h after

(37) Babushkin, D. E.; Naundorf, C.; Brintzinger, H.-Blalton Trans.
2006 45309.
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Figure 4. 'H NMR spectrum of the sampl&-H/MAO recorded
20 min after sample preparation in toluetigat 20°C ([1-H] = 3
x 1073 M, Al:Zr = 100).
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Figure 5. 13C NMR spectrum of the samplé-H:1*C-AlMes:

[CPh]T[B(CsFs)q]~ = 1:10:1.1 recorded 30 min after sample
preparation in toluends at 20°C (a) and—20 °C (b) ([1-H] = 3
x 1073 M).
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1-H/MAO System. The initial complex1-H is insoluble in
tolueneds. The '"H NMR spectrum of the samplé&-H/MAO
(Al:Zr =100) in toluenedg shows sharp peaks of new complex
5-H, which is stable for at least 1 month at room temperature
(Figure 4). The'H NMR spectrum o6-H (6 7.48 (1H),—0.66
(6H), and—0.75 (3H)) can be assigned to the aluminum ion
pair [LMAI(u-Me)(u-Cl)AlMe ] F[Me-MAQ] ~ (Scheme 2). To
support this assignment, we have undertaketHaand 13C
NMR study of thel-H/AIMe3/[CPhg] [B(CsFs)4] ~ system using
a %C-enriched sample of AlMg

1-H/*3C-AlMe 3/[CPh3] T[B(CeFs)4] ~ System.TheH NMR
spectrum of the systermH/13C-AlMes/[CPhs] *[B(CeFs)4] ~ (0

Kitaov et al.

20°C displays two peaks of complét-H. One of these peaks
overlaps with that of AlMe (Figure 5a). At—20 °C, the
resonance of AIMgis broadened and two peaks BfH at o
—6.4 (1C) and-9.9 (2C) are clearly seen (Figure 5b). The two-
dimensional*C—H correlation spectrum revealed that i€
peak atdo —6.4 correlates with théH NMR resonance ab
—0.72, whereas that at —9.9 correlates with théH NMR
resonance ab —0.66. ThelJcy values of 115 Hz determined
for peaks atd —6.4 and—9.9 correspond to those for the
Al—Me—Al and Al—Me groups?®32Thus, the observed spec-
trum belongs to the ion pair [LAI(u-Me)(u-Cl)AlMe;] -
[B(CeFs)a]~ (5'-H). Correspondingly, comple&-H should be
the ion pair [LHAI(u-Me)(u-Cl)AlMe,] "[Me-MAO] ~. The as-
signment of5'-H or 5-H to the zirconium species can be
excluded, since the typical range of € chemical shifts for
Zr—Me or Zr—Me—Al moieties is 36-50 ppm3-32Thus, upon
interaction of 1-H with both MAO and AIMe/[CPhs]*-
[B(CeFs)4] ~ activators, the initial complex is decomposed with
the formation of the aluminum ion pairs {Al(u-Me)(u-Cl)-
AlMe] [Me-MAO]~ (5-H) and [LHAI(u-Me)(u-Cl)AlMe;] -
[B(CeFs)a]~ (5'-H), which are inactive in ethylene polymeri-
zation. It is worth noting that thEC NMR spectrum of Figure
5b contains an additional signal close to thavat9.9. The
nature of this signal is unclear.

The IH NMR spectrum of compleXs-Me observed in the
1-Me/MAO system is very similar to that &-H (Figure 3 and
Table 1). Most probably5-Me is aluminum complex [MeAl-
(u-Me)(u-Cl)AlMe ) [Me-MAQ] .

Conclusions

For the first time, cationic species formed upon interaction
of bis[N-(3-tert-butylsalicylidene)anilinato]zirconium(IV) dichlo-
ride ((LBY),ZrCly) (1-Bu), bis[N-(3-methylsalicylidene)anili-
nato]zirconium(IV) dichloride ((M¢),ZrCl,) (1-Me), and bisN-
(salicylidene)anilinato]zirconium(lV) dichloride ({l)>ZrCl,)
(1-H) with MAO and with AlMes/[CPhs]T[B(CeFs)4]~ have
been studied. It was shown that, in the catalytic systi+iBi/
AlMe J/[CPhy] *[B(CgFs)] ~, 1-Me/AlMes/[CPhg] [B(CeFs)a]
and 1-Bu/MAO, heterobinuclear ion pairs [{&Y),Zr-
(u-Me)AIMe ;] T[B(CeFs)4] ~ (2-Bu), [(LM)Zr(u-Me)AlMe;] -
[B(CeFs)4] ~ (2-Me), and [(LBY),Zr(u-Me)AlMe;] '[Me-MAQ] ~
(24Bu) are formed. In contrast, in the catalytic systéavie/
MAO, the tight ion pair [(LM®),ZrMe"-:-Me-MAO™] (4-Me)
is the major species in the solution. In the catalytic systems
1-H/MAO and 1-H/AIMe3/[CPhg] T[B(CeFs)4] ~, the aluminum
ion pairs with proposed structuresAl( u-Me)(u-Cl)AlMe ] *-
[Me-MAO]~ and [L"Al(u-Me)(u-Cl)AlMe ] T[B(CeFs)s] ~ are
predominantly formed. The relatively rapid deactivation of bis-
(phenoxyimino)zirconium/MAO catalysts correlates with a facile
ligand transfer to aluminum observed for these catalysts by
NMR. The much lower polymerization activity of theMe/
MAO system than that of th&-‘Bu/MAO analogue correlates
with more tight coordination of the [Me-MAQO]counterion to
the active site of polymerization (or its precursor) observed by
NMR for the former system.

Experimental Section

MAO was purchased from Witco GmbH (Bergkamen, Germany)
as a toluene solution (total Al content 1.8 M, Al as AlM&5 M).

Tolueneds and decahydronaphthalene were dried over molecular
sieves (4 A), degassed in vacuo, and stored under dry argon. All
operations were carried out under dry argon using a glovebox and
standard Schlenk techniques or in sealed high-vacuum systems using

7.46 (1H),—0.66 (6H), and—0.72 (3H)) was very similar to
that of the 1-H/MAO analogue (Table 1). Thé3C NMR
spectrum of thel-H/*3C-AlMey/[CPhs] T[B(CsFs)4] ~ System at
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break-seal techniques. Solids and toluépevrere transferred and by subsequent removal of volatiles under vacuum at room tem-
stored in a glovebox. Bidf-(3-tert-butylsalicylidene)anilinato]- perature to give a sample HC-enriched MAO (ca. 30%:C) with
zirconium(lV) dichloride (-Bu),? bis[N-(3-methylsalicylidene)- the desired AlMeg content (polymeric MAO with a total Al content
anilinato]zirconium(1V) dichloride 1-Me),? and bisN-(salicylidene)- of 40% and an Al concentration as residuajhAés of ca. 5 wt %).
anilinato]zirconium(IV) dichloride 1-H)3® were prepared as described. A more detailed description is presented in ref 34.

IH and!3C{'H} NMR spectra were recorded at 250.130 and 62.89  Preparation of 1-R/MAO Samples (R= 'Bu, Me, and H).
MHz, respectively, on a Bruker DPX-250 MHz NMR spectrometer. Calculated quantities df-R (~10-2 mmol of Zr), MAO or AlMes/
Typical operating conditions fdfC NMR measurements were as  CPh™B(CsFs)4~, and tolueneds (for 13C measurements toluene was
follows: spectral width 20 kHz, spectrum accumulation frequency used) were combined under vacuum in NMR tubes. The samples
0.2—-0.1 Hz, 106-2000 transients, 9Qulse at 7us. Multiplicities were immediately cooled te-196 °C, and the tubes were sealed
and coupling constants were derived from analysis of gated off from the vacuum line.

decoupled spectra. Operating conditions ¥8r NMR measure- Ethylene Polymerization StudiesThe experiments were carried
ments: spectral width 5 kHz, spectrum accumulation frequency out in a 0.5 L reactor in toluene at constant ethylene pressure and
0.5-0.2 Hz, number of transients 384, ca. 30 pulse at 2us. temperature for 30 mirl-R (0.5 mL of a 2x 107% M solution in

For calculations ofH and3C chemical shifts, the resonances of CH,Cl,) was introduced into the reactor in a vacuumized sealed

the methyl group of the toluengsolvent were taken as 2.11 and  glass ampule. The reactor was evacuated &tBér 1 h, cooled

20.40 ppm, respectively. The sample temperature measuremento 20-25 °C, and then charged with 150 mL of toluene in which

uncertainty and temperature reproducibility were less thariC. the calculated amount of activator was dissolved. The reactor was
Preparation of MAO and Al ;,Meg Samples.Solid MAO was heated to 40C, and the desired ethylene pressure was settled. The

prepared from commercial MAO (Witko) by removal of the solvent reaction was started by breaking the ampule WHR. The initial

in vacuo at 20°C for 5 h. The solid product obtained (polymeric ~ activity (see Table 2) was calculated from the polyethylene yield

MAO with a total Al content of 40 wt % and an Al concentration ~ for the first 3 min of polymerization.

as residual AlMe of ca. 5 wt %) was used for the preparation of

the samples*CHz-enriched MAO was prepared by ligand exchange  Acknowledgment. This work was supported by the Russian

of 99% **CHs-enriched AMeg (30 mol % total Me groups) and  Foundation for Basic Research (Grant No. 06-03-32700) and
solid MAO (70 mol % total Me groups) in toluene solution followed  the Royal Society (Grant No. 2004/R1-FSU).
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