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Abstract

The reaction of propene with the half-sandwich salt complex
[Cp’'Zr(CH,Ph), IB(CH,PhXC4Fs);] (1) (Cp’ = CsMes) affords
cleanly the single-insertion adduct [Cp’Zr(CH,CHMeCH,Ph)-
(CH,Ph)]B(CH , PhXCF;s);] (2). The crystal structure of 2 reveals
an unusual ‘back-biting’ n®-arene coordination to the d® metal,
accounting for the unexpected stability of this compound either
towards further propene insertion or towards B-hydrogen elimina-
tion.
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1. Introduction

The chemistry of cationic Group 4 alkylmetallocenes
has been developed extensively in the last few years [1],
mainly because complexes of this type have been shown
to be catalytically active in olefin polymerization, and
have been implicated as the active species in the meth-
ylalumoxane-based homogeneous Ziegler—Natta cata-
lysts [2]. In the course of our studies on the synthesis
and the catalytic activity of ‘non-metallocene’ cationic
Group 4 metal complexes [3], we have recently re-
ported the quite peculiar reactivity with olefins of the
zwitterionic complex [Zr(CH ,Ph),{(5%-PhCH ,)-
B(C4Fs);}] (3), which affords either single-insertion
adducts or high-molecular-weight polymers, depending
on the reaction conditions [4]. The unexpected stability
of single-insertion adducts such as [Zr(CH,CHMe-
CH,PhXCH,Ph),]* was explained by an unusual
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‘back-biting’ m-coordination to Zr of the Ph group of
the 3-phenyl-2-methylpropyl ligand [4,5]. Here, we re-
port the synthesis and the crystal structure of the
analogous complex [Cp'Zr(CH,CHMeCH ,Ph)
(CH,Ph)I[B(CH , PhXCF;),] (2) confirming the chelat-
ing nature of the isobutylbenzene ligand via the in-
tramolecular n%-arene coordination to Zr.

2. Results and discussion

The recently reported benzyltris(pentafiuorophen-
yDborate salt of the half-sandwich cationic complex
[Cp'Zr(CH ,Ph),]* (1) reacts rapidly with ethene (25°C
and 1 atm), affording linear polyethylene [6]. In con-
trast, polymerization of propene proceeds only under
more severe conditions (50°C; 5 atm) [3c, 6]). Monitor-
ing the reaction of 1 with propene (2-5 equiv.) at 25°C
in C4,DsCl by '"H NMR spectroscopy shows the rapid
(seconds) and clean (= 100%) formation of the single-
insertion adduct 2.

Compound 2 has been isolated (see the Experimen-
tal section), and characterized by X-ray diffraction and
NMR analysis. The crystal structure of 2 [7] consists of
discrete cations and [B(CH,PhXCF;);]~ anions. The
structure of the cation (Fig. 1) reveals that the other-
wise highly electron-deficient Zr is saturated by in-
tramolecular n%-coordination with the 3-Ph ring. Con-
sequently, no significant cation—anion bonding interac-
tion is present, unlike in [CpZr(CH,Ph),][B(CH,Ph)-
(C4F5);] (4) for which the coordination to Zr of the Ph
ring of the anion was observed [6]. The coordination
geometry around Zr, as defined by C11, C18, and the
centroids of the Cp’ and the Ph rings, is pseudotetrahe-
dral. The Cp’ centroid-Zr-Ph centroid angle is 135°,
which is similar to the values observed for Cp'-Zr—Cp’
angles in cationic metallocenes {8]. The average Zr-
C(Ph) distance is 2.72 A, very close to those observed
in the zwitterionic Zr'¥ arene complexes 3 and 4
mentioned above [3d, 6], but considerably longer than
the average Zr—C(Ph) distance (2.42 A) found for the
Zr"" complex [Zr(n®-PhMeXPMe,),Cl,] [9]. This find-
ing, expected in view of the lack of back-bonding in d°
metal m-complexes, suggests that reference to Zr"
complexes when proposing models for the putative d°
metal—olefin complexes invoked as Ziegler—Natta cat-
alytic intermediates is inappropriate [10]. The other
metrical parameters are unexceptional, with the benzyl
group behaving as a normal, undistorted n!-ligand.
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Fig. 1. Crystal structure of [Cp’Zr(CH ,CHMeCH , PhXCH, Ph)]*.
Relevant distances (A) and angles (°): Zr-Cp’ (centroid) 2.22(2),
Zr-C11 2.29(2), Zr-C18 2.26(2), Zr-C21 2.72(2), Zr-C22 2.71(2),
Zr—C23 2.6%2), Zr-C24 2.70(3), Zr-C25 2.74(2), Zr-C26 2.74(2);
C11-Zr-C18 102.2(8), C11-Zr-Cp’ 104.8(7), C11-Zr—-Ph (centroid)
106.4(8), C18-Zr-Cp’ 106.0(7), C18-Zr-Ph 98.1(8), Cp’'-Zr-Ph
135.0(7), Zr-C11-C12 125(1). Hydrogen atoms, except those of Cp’,
are included at idealized positions.

NMR analysis (see the Experimental section) indi-
cates that the solid state structure of 2 is maintained in
solution. Noteworthy is the 'H subspectrum of the
ZrCH,CHMeCH,Ph moiety. These are five distinct
resonances observed for the aromatic protons, which
confirm Ph coordination to Zr. Moreover, the chemical
shifts of the CH, protons on C18 and C20 (see Fig. 1)
(6= —0.01, H,; 045, H,; 2.11, Hg; 2.99, H,), the
*J(H, H) coupling constants (*J(H,H.)) =139 Hz
*J(H,H_,) = 1.5 Hz), and a long range coupling con-
stant (*J(H,H_) = 1.5 Hz) indicate a rigid conforma-
tion of the ZrCH,CHMeCH,Ph ring, with the Me
substituent locked in a pseudo-equatorial position, as
observed in the solid state. A set of lower intensity
(= 1:4) resonances with a pattern similar to the main
ones is observed in the 'H and the >*C NMR spectra,
suggesting the presence of a second diastereomer of 2.
Actually, two diastereomeric pairs of enantiomers are
conceivable for 2, due to the presence of two chiral
centres at Zr and C19. Attempts at fractional crystal-
lization were unsuccessful. Interconversion of the two
isomers is not observed by NMR monitoring up to
60°C.

Further propene insertion in 2 does not occur at
25°C and 1 atm at an appreciable rate. However, under
the same conditions, 2 does promote polymerization of
ethene, although with an activity (= 6 kg polyethylene

(mol Zr)~! h™!) lower than that of 1 [6]. Work is in
progress to establish unambiguously whether ethene
polyinsertion occurs in 2 and not in some secondary
product [4], although under these conditions NMR
monitoring showed no evidence of decomposition.

3. Experimental section

All operations were carried out under rigorously
anhydrous conditions under argon in a glove-box.

3.1. Synthesis of 2

[Cp’'Zr(CH,Ph), [B(CH,PhXC,Fs),] was prepared
in situ by allowing [Cp’Zr(CH , Ph),] (200 mg, 0.4 mmol)
and B(C¢F;); (205 mg, 0.4 mmol) to react in 5 ml of
1,2,4-C(H;Cl; [6]. Propene (20 ml) was injected into
the solution at 25°C. The solution changed almost
instantaneously from yellow-orange to red. Heptane
was added, resulting in the precipitation of a red solid,
which was collected, washed with toluene and pentane,
and dried under vacuum. Yield 330 mg (80%). Anal.
Found: Zr 8.9%. C,H,,BF Zr calcd.: Zr 8.69%. 'H
NMR (250 MHz, 25°C, C,D,Cl,, assignments con-
firmed by 2D-COSY): & = —0.01 (t, 27 =3J = 13.9 Hz,
1H; H,), 0.45 (dt, J =139 Hz, J=*JH,H,) =15
Hz, 1H; H,), 0.92 (d, 3H; CH,), 1.51, 1.78 (2d, AB
system, “J =12.4 Hz, 2H, ZrCH,Ph), 197 (s, 15H;
Cp’), 2.08 (m, partially obscured, 1H; H_), 2.11 (m, 1H;
H,), 2.81 (br. s, 2H, BCH,), 2.99 (m, ‘JHH) =15
Hz, 1H; H,), 6.49 (t, 1H, m-n°-Ph), 6.55 (d, 2H; o-
ZrCH,Ph), 6.7-6.9 (m, 5H; BCH,Ph), 6.77 (d, 1H,
0-n%-Ph), 6.90 (t, 1H, p-n5-Ph), 7.06 (d, 1H; o’-n°-Ph),
7.28 (t, 2H; m-ZrCH , Ph), 7.68 (t, 1H; m'-n5-Ph); lower
intensity resonances due to a diastereomer of 2
(= 20%) are detected: 6 = —0.24 (t, J=12.1 Hz, 1H;
H’), 1.05 (d, 3H; CH?), 3.10 (m, 1H; H}), 7.50 (t, 1H;
m-n5-Ph’). °C NMR (62.89 MHz, 25°C, C,D,Cl,, as-
signments confirmed by DEPT, selected resonances, in
square brackets those due to the minor isomer): 8 =
11.9 [11.8] (CsMes), 26.5 [27.4] (Me), 43.0 [45.2]
(CHMeCH,Ph), 514 [51.8] (CH), 67.2 [70.4]
(ZrCH,Ph), 82.7 [84.5] (ZrCH,CHMe), 1234
(CsMey), 144.3 [147.9] (ipso-ZrCH ,Ph), 160.7 [159.3]
(ipso-n®-Ph).

3.2. Polymerization of ethene

A solution of 2 (20 mg) in 1,2,4-C,H;Cl;/PhMe (10
ml, 1:2) was saturated with ethene at 25°C/1 atm and
stirred for 15 min. The reaction was quenched with
MeOH. Yield 30 mg of polyethylene.
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