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Abstract

Synthesis of bis(2-N ,N ?-methylpiperazinoindenyl)zirconium dichloride is described. The solid state structure, based on single

crystal X-ray diffraction, shows that the compound has a nearly C2-symmetric conformation. This amino-substituted zirconium

metallocene catalyst and methylaluminoxane as a cocatalyst yield polyethylene with narrow molecular weight distribution and very

high activity.
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1. Introduction

Numerous attempts to improve the activity and the

selectivity of metallocene complexes have been reported

[1]. Generally, bis(indenyl) compounds are more active

than their bis(cyclopentadienyl) analogues. Barsties et

al. have reported that 2-dimethylamino substituent

increases the electron density noticeably at the Zr center

of unbridged (bis)indenyl metallocene [2]. 2-(N ,N ?-
Methylpiperazinoindenyl)zirconium dichloride has not

been synthesized before even though several other

unbridged 2-substituted aminoindenyl zirconium and

titanium complexes have been synthesized [3].

Thus, the main focus was to show that the 2-(N ,N ?-
methylpiperazinoindenyl)zirconium dichloride is a po-

tential ethylene polymerization catalyst (Fig. 1).

The ligand is prepared by a one-step condensation of

2-indanone [4] and N -methylpiperazine. After recrystal-

lization from methanol the ligand was obtained in 29%

yield. The ligand was treated with one equivalent of n -

BuLi and half equivalent of ZrCl4. After crystallization,

yellow bis(2-N ,N ?-methylpiperazinoindenyl)zirconium

dichloride was obtained in 27% yield (Scheme 1).

The 1H-NMR spectrum of the complex shows only six

magnetically and chemically different protons indicating

time-averaged molecular C2-symmetry. Comparison

between the ligand and the complex 1H-NMR spectra

shows the regions of increased and reduced shielding at

the indene part of the molecule. First, the singlet of five-

ring methine protons is shifted by about 0.7 ppm to

higher shielding relative to the ligand five-ring methine

signal. The signals of the aromatic six-ring protons are

shifted by about 0.3 ppm to lower shielding. Second, the

electron donating effect of the N -methylpiperazino

substituent can be seen at 4.85 ppm, which is less

shielded compared with 2-pyrrolidino substituent (4.42

ppm) but similar to 2-morpholino substituent (4.84

ppm) [5].

The molecule possesses a nearly perfect C2-symmetry

(Fig. 2). Selected bond lengths and angles are given in

Table 1. The geometry around zirconium atom can be

described as a slightly distorted tetrahedral.

Cp(centroid)�/Zr�/Cp(centroid) angle (132.48) and Zr�/

Cp(centroid) bond lengths, 2.217 and 2.215 Å, are

typical to unbridged 2-amino substituted indenyl com-

plexes. The bonding of the indenyl five-membered ring

to zirconium is unsymmetric, C�/Zr distances vary

between 2.462(12) and 2.627(10) Å, and, 2.456(11) and

2.630(12) Å, respectively. Also, Cl�/Zr�/Cl angle,

94.78(13)8, and Zr�/Cl distances, 2.444(4) and 2.436(4)
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Å, are common to unbridged 2-aminoindenyl com-

plexes. The single-crystal X-ray structure of the complex

reveals that the ligands are disposed in an anti con-

formation. The N -methylpiperazino substituents show a

chair-like conformation with an almost trigonal-planar

nitrogens (sum of angles at N(10)�/355.18, at N(26)�/

352.48). Bond lengths of C(2)�/N(10)�/1.368 Å and

C(18)�/N(26)�/1.343 Å are similar to Ti(IV) and Zr(IV)

bis(aminoindenyl)metallocene complexes. The C(2)�/

N(10) p-bonding is maximized for a planar structure

because the orbitals are better set up for side-on

interaction. The nitrogen lone pair must be delocalized

considerably into the indenyl five-ring and the rotation
should be hindered. Nonetheless, planar nitrogen and

short C�/N bond lengths are disfavored in two known

ansa-bridged bis(aminoindenyl) Zr(IV) complexes due

to steric hindrance with the ligand bridges [2]. The

nitrogen chlorine distances, Cl(1)�/N(26)�/3.264(11) Å

and Cl(2)�/N(10)�/3.262(11) Å, are about the sum of

their van der Waals radii (3.30 Å) and there is no

significant bonding [3e].
The bis(2-N ,N ?-methylpiperazinoindenyl)zirconium

dichloride was examined as an ethylene polymerization

catalyst (Table 2) [6a]. The complex proved to be slowly

activated by MAO [6b]; it took ca. 15 min at 50 8C
before the ethylene consumption started. After the

activation period, the ethylene consumption increased

slightly towards the end of each polymerization experi-

ment. Preactivation did not have any effect on the
activation time. The activity of the complex�/MAO

system increases with increasing amount of the bis(2-

N ,N ?-methylpiperazinoindenyl)zirconium dichloride.

The difference in activity obtained in the experiments

made at 70 8C cannot be explained by the difference in

polymerization time because in none of the polymeriza-

tions the catalyst deactivated during the process. The

only explanation we have at the moment is the high
sensitivity of the system towards catalyst amount.

Various reasons for the very high activity of the

compound and narrow molecular distribution of poly-

mers can be proposed. Steric and electronic properties of

the complex differ from those of bis(2-N -pyrrolidinoin-

denyl)zirconium dichloride. It is possible that the

interactions between MAO and the catalyst differ from

bis(2-N -pyrrolidinoindenyl)zirconium dichloride be-
cause the amino groups can offer suitable binding sites

for MAO. The resulting interaction between MAO and

the catalyst may cause the long activation period.

Evidently, a- or d-nitrogen to indenyl or the methyl

Fig. 1. Bis(2-N,N ?-methylpiperazinoindenyl)zirconium dichloride.

Scheme 1. Preparation of bis(2-N ,N ?-methylpiperazinoindenyl)zirco-

nium dichloride.

Fig. 2. Crystal structure of complex showing the labelling scheme;

displacement ellipsoids are drawn at the 30% probability level;

hydrogen atoms and solvent molecule are omitted for clarity.

Table 1

Selected interatomic distances (Å) and angles (8) for the complex

Bond lengths

C2�N2 1.384(14)

C18�N26 1.343(15)

N10�C11 1.465(15)

N13�C16 1.466(17)

Zr1�X1A 2.217

Zr1�X1B 2.215

Zr1�Cl1 2.444(4)

Zr1�Cl2 2.436(4)

Bond angles

C11�Zr1�Cl2 94.78(13)

X1A�Zr1�X1B 132.4

X1A�Zr1�C11 106.5

X1A�Zr1�Cl2 104.5

X1B�Zr1�Cl1 104.6

X1B�Zr1�Cl2 107.9
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group attached to d-nitrogen must have an effect on the

activity of the catalyst.

2. Experimental

All the complexation reactions were done under argon

using standard Schlenk techniques. Solvents were dried

and distilled before use. NMR spectra were recorded at

200 MHz on a Varian Gemini 200 spectrometer; CDCl3
as solvent, Me4Si as internal standard. (a) 2-(N -methyl-

piperazine)indene see [3a]. Yield: 29%, m.p. 155�/

157 8C, 1H-NMR (CDCl3, 25 8C): d�/2.34 (s, 3H,

�/CH3), 2.51 (t, 4H, �/CH2NCH3), 3.18 (t, 4H,
�/NCH2�/), 3.39 (s, 2H, IndCH2�/), 5.21 (s, 1H, �/CH�/

C�/), 6.85�/7.26 (m, 4H, arom.). 13C-NMR (CDCl3,

25 8C): d�/37.2, 46.2, 48.0, 54.5, 100.1, 117.6, 120.8,

122.8, 126.6, 137.1, 145.5, 157.4. (b) Bis(2-N ,N ?-methyl-

piperazinoindenyl)zirconium dichloride: to a solution of

2-(N -methylpiperazine)indenyl in Et2O at �/78 8C was

added drop wise n -BuLi, and the reaction mixture was

stirred 3 h at room temperature (r.t.). The mixture was
cooled to �/78 8C, the ZrCl4 was added and the light

yellow suspension was stirred overnight. The solvent

was removed in vacuo and the complex crystallized from

Et2O or toluene. Yield 27%. 1H-NMR (CDCl3, 25 8C):

d�/2.25 (s, 6H, �/NCH3), 2.34 (t, 8H, �/CH2NCH3), 3.10

(t, 8H, IndNCH2�/), 4.86 (s, 4H, IndCH�/), 7.15 (dd,

4H), 7.62 (dd, 4H). 13C-NMR (CDCl3, 25 8C): d�/45.6,

46.3, 54.5, 84.9, 123.2, 123.6, 125.6, 156.7. Anal. Calc.
for C34H42Cl2N4Zr �/Et2O: C, 57.98; H, 6.69; N, 8.45.

Found: C, 58.36; H, 6.63; N, 8.93%.

2.1. Crystal data for C34H42Cl2N4Zr

Data were collected on a Rigaku AFC-7S diffract-

ometer. The non-hydrogen atoms were refined with full-

matrix least-squares on F2 using SHELXTL 97 program

package. Yellow prism 0.25�/0.25�/0.20 mm, orthor-
hombic, space group P212121, a�/10.326(2), b�/

15.873(3), c�/19.932(4) Å, V�/3267.0(11) Å3, Z�/4,

Dcalc�/1.384 Mg m�3, T�/193(2) K, l (Mo�/Ka)�/

0.71073 Å, m(Mo�/Ka)�/0.531 mm�1, 3321 reflections

were collected with 2482 [jFoj�/2s jFoj, 2.57B/uB/

25.258], number of parameters 174, GOF�/1.209, final

R indices [I �/2s(I)]: R�/0.0857, wR�/0.1915. R in-

dices (all data): R�/0.1223, wR�/0.2164.

3. Supplementary material

Crystallographic data (excluding structure factors) for

the structure reported in this paper have been deposited

with the Cambridge Crystallographic Data Centre,

CCDC no. 183061. Copies of this information may be

obtained free of charge from The Director, CCDC, 12

Union Road, Cambridge CB2 1EZ, UK (Fax: �/44-

1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www:

http://www.ccdc.cam.ac.uk).
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Table 2

Results of ethylene polymerizations promoted by bis(2-N ,N ?-methylpiperazinoindenyl)zirconium dichloride with MAO a,b

Tp (8C) Time (s) c ncat (mmol) Yield (g) Activity d Tm (8C) Mw (kg mol�1) Mw/Mn

50 4250 1.7 6.56 3270 140 e e

50 4950 2.2 19.8 6550 142 420 1.5

70 3400 0.9 0.9 1060 138 282 2.9

70 1800 1.1 3.8 6910 141 334 1.5

a Polymerisation conditions: pethylene�2.6 bar, [Al]:[M]�2000:1.
b Bis(2-N -pyrrolidinoindenyl)zirconium dichloride (Tp�50 8C; tp�3500 s; ncat�5.0 mmol; [Al]:[M]�2000:1) did not show any activity.
c The times quoted include ca. 15 min activation period.
d Activity of catalyst in kg PE/(mol Zr h).
e Not determined.
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