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Abstract

Crystals of di-p-chloro-bis([trichloro(ethyl acetate)]dizirconium(IV) are mono-
clinic, space group P2,/a, Z =2, with cell dimensions a 13.756(10), b 9.331(6), ¢
9.270(9) A, B 110.85(7)°. The structure was refined by full-matrix least-squares to
R = 0.040 for 1812 non-zero reflections. In the centrosymmetric [Zr,(p-
C1),C14(CH,COOE),] dimer molecules, each of zirconium atoms is bonded to two
bridging chlorine atoms, three terminal chlorine atoms and to one carbonyl oxygen
atom of the ethyl acetate molecule in a distorted octahedral environment. The
structure is isomorphous with that of di-p-chlorobisftrichloro(ethyl acetate)di-
titanium(I'V).

Introduction

In the presence of MgCl, the Ziegler—Natta catalyst exhibits high activity in
a-olefin polymerization [1]. The enhancement of activity and isospecifity is strongly
dependent on the nature of the ester molecule (e.g. the catalyst with aromatic esters
is very good for propylene polymerization), however, with ethyl acetate the catalyst
is only active in ethylene polymerization [2]. To elucidate the difference in be-
haviour between the aromatic and the aliphatic esters the interactions between the
ester molecules and each catalyst component was studied.

The formation of the titanium dimeric compound [(L)C1,Ti(u-Cl),TiCl;(L)]
(when L = CH,COOEt or p-CH,OC,H,COOE) [3,4], {Ti,[p-m-C;H,(COOEY),],-
Clg} [5], monomeric cis-[(CsHsCOOEL),TiCl,] [6], [0-CsH(COOEY),TiCl,] [7],
and aluminium [AlCl;(C,H;COOEY)] [8], and magnesium-aluminium [Mg(CH ;-
COOEt)JJAICL,], [9] compounds is well documented.

In addition to the titanium catalysts, homogeneous zirconium catalysts are highly
active in the polymerization process [10]. The structures of the zirconium-ester
compounds are unknown.

Here we describe the crystal structure of [Zr,(p-Cl),Cl(CH;COOEL),] complex
and compare its structure with that of the isomorphous titanium [Ti,(p-
C1),Cl,(CH;COOE),] compound {3].
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Experimental

All reactions were carried out under N, in dried solvents and by use of
Schlenk-tube techniques. Commercial ZrCl,; was sublimed. The ethyl acetate was
dried before use. The IR spectra were obtained on a Perkin-Elmer 180 spectropho-
tometer. The density was measured in CCl, and BrCH,CH,Br mixture.

[Zr,(u-C),Cl (CH,COOEt),]. 153 g (6.6 mmol) ZrCl, was suspended in 75
cm’ n-hexane and 0.65 cm’ (6.6 mmol) of ethyl acetate was added and stirred. After
1 h the oil layer was separated off and dissolved in 40 cm® CH,Cl,. evaporated to
dryness, under vacuo and washed with n-hexane (3 X 15 cm'). Yield 2 g: 95%.

Crystals suitable for X-ray data were grown by slow diffusion of n-hexane into
solution of the title compound in CH,CI, (1 g in 20 cm® CH,Cl,).

X-ray crystal structure determination

Crystal data. CgH,Cl,O,Zr,, M =642.3, a 13.756(10), b 9.331(6). ¢ 9.270(9)
A, B 11085(7)°, ¥ 1112(2) A’, D_ (by flotation) 1.84 g cm™®, Z=2, D. 192 ¢
cm ™, F(000) = 624, space group P2, /a, Mo-K_ radiation, A = 0.71069 A n=188
ecm” !, T= 299(1) K.

A crystal of approximate size 0.5 X 0.9 X 0.5 mm was selected for data collection.
The Weissenberg photographs show that the space group P2, /¢ and unit cell data
are similar to those found for the crystals of (TiCl,CH,COOC,H;), [3]. The
intensity data were recorded on a Syntex P2, automated diffractometer with
graphite-monochromatized Mo-K, radiation. Intensities were collected by 26-w
scan technique up to 26 55°. The intensities of two standard reflections, measured
after every 50 scan intensities showed +4% variation. 2150 reflections were col-
lected of which 1812 with /> 3 a( /) were used for structure analysis: R, = 0.0339.
Final coordinates of (TiCl,CH;COOC,H;), [3] were used as the starting parame-
ters of Zr, Cl. O and C atoms for refinement. The H atoms were located from a
difference-Fourier synthesis. An absorption correction was by the DIFABS proce-
dure [13]; mimimum and maximum absorption corrections were 0.882 and 1.128,
respectively. Full-matrix least-squares refinement, based on F values, was per-
formed with SHELX 76 [11] on the positional and anisotropic (isotropic for H)
parameters. The H atoms were refined with the constraint that d(C-H) 1.08 A. The
isotropic extinction correction in the form of 1 — xF’/sin § was applied and the
final x parameter was 35.8(15) x 10°% The function minimized was
w( | F, | — | £ )2 where w=1/0%(1).

Final R and R, were 0.0391 and 0.0401, respectively. The maximal A /¢ ratio in
the final cycle of refinement was 0.4. The maximal and minimal residual electron
densities in the difference Fourier map were to be found within —1.20 and 0.48 e
A~ Neutral atom scattering factors were taken from ref. 12. Real and imaginary
components of anomalous dispersion were included {or all the non-H atoms. Final
atom parameters are listed in Table 1.

Results and Discussion

The addition of ethyl acetate to ZrCl, in n-hexane, gives a colourless air-sensitive
compound formulated as [Zr,(p-Cl),Cl (CH,COOEY),].

2 ZrCl, + 2 CH,COOEt - [(CH,COOEN)CI, Zr( p-C1),ZrCl, (CH,COOE))



71

(LL1o 98,70~ 620¥°0 0911°0— (IOH (€)s00 SWwiro— (9)55°0 FWo10- (IvH
1o 91T+ 0— 62970 1891°0— (©)H (9o (c¢tco— (2)860°0 (6)291°0 (€DH
©xro g0 — ()80 (9)6S1°0— (£¥)H (0150 (€1)81€0— (€DTo (118810 @ZDH
(£)900 (8)L1S0— (Dzsvo ((3Thaa 1 B8 (Zp)H (6)ST0 (R)£T10— (40:1740] (6)L17°0 (IDH
*'n z A X uoly *n z a x woly
(£)o100 ($)xroo (9)610°0 (L)290°0 (6)$80°0 LHLoo (€E1)ZC150—~ (€D109¥ 0 (6)60S1°0— @D
(9)800°0 ($}zoo (99100 (L9900 (8)680°0 (9)$50°0 (Z1)9v8e0— (€1EPSE0 (8)s9110— (98]
(P)LO00— #zo0 (1000 (9)Tv00 (P)sco0 (91900 (6)0L£T°0~— (6)essT0 (Ls180°0 @»
(9)5000 (W00 (9)010°0 (£)890°0 (8)6L0°0 (9)850°0 (€188 0— (€DLPITO (8)6951°0 §9)
0000 (£)oz0°0 1100 ®I1¥00 ($)8L0°0 #W90°0 (L)L89€°0— (8)060£°0 ($)6600°0— (Do
(€)1000 (€)sz200 (€)600°0 (©)Leo0 (PWP0o0 P)SLo0 (9)$8Z1°0— (L)8EYT0 ()5610°0 (Do
(D)Lo00— (DLz00 (05000 (D9g0°0 (28900 (Vo010 (exwsceo (£)6980°0 (€)e6€070 (2]e)
(2)900°0 (D)g€00 (D800°0— (DzLo0 (DEP00 (T)SLOO (©)x101°0 (EWese 0 (2)9180°0— ©ID
@1100- (V8100 (2)8000— (D100 (08500 (2)590'0 (£)5961°0 (£)891€°0 (D)LT61°0 @D
(8)c€000 (8)9210°0 (8)1700°0— (0500 (19g00 (D8Po0 (€)s6v00— (€)6T€070 @w9Tiro— W
(€)z0000— (EW9100 (€)11000— (2283000] 9100 ()9550°0 (801810170 (8)6LE610 (9)5272€0°0 iz
4% £1n 2 379! %) iy z { x wory |

(ADwnuoonzip[(31e1308 [Kyis)osopyou jsiqoso(yd-r-1p 10§ sasoyjuared ut s psd yim soiowered onuole [eury

I 2lqelL

I 2lqelL



72

Fig. 1. The structure of [Zr,(u-C1),Cl,(CH,COOE),].

The new species is diamagnetic. The IR spectrum shows the stretching »(C=0)
mode at 1595 cm ™' (s,br), 1650 cm™! (sh) and »(C-O) at 1340 ¢cm™' (m). The
crystal contains a centrosymmetric dimer. The overall view of {Zr,(p-Cl),Cl (CH,
COOEt),] molecule and the numbering scheme are shown in Fig. 1. Selected bond
lengths, bond angles and torston angles are listed in Table 2. The zirconium atoms
are surrounded by two bridging and three terminal chlorine atoms, and by ethyl
acetate molecules. The ethyl acetate molecules are coordinated by carbonyl oxygen
atoms.

The Zr-Cl(terminal) bond lengths range from 2.362(3) to 2.379(3) A, whereas the
average Zr-Cl(bridge) distance is 2.611(3) A. The Zr-Cl distances are similar to
those found in [Zr,(p-Cl),C1,(SOCIL,),] [13]. In the isomorphous titanium [Ti1,(p-
C1),Cl,(CH;COOEt),] compound the average Ti-Cl(terminal) bond length is



73

Table 2

Principal interatomic distances (A), bond angles (°) and torsion angles (°) in di-p-chloro-
bisftrichloro(ethy! acetate)]dizirconium(I'V) ¢

Zr- - Zr 4.030(4) Zr-CI(1) 2.608(3)
Zr-Ci(1}) 2.614(3) Zr-Cl(2) 2.362(3)
Zr-CI(3) 2.362(3) Zr-Cl(4) 2.379(3)
Zr-O(1) 2.131(5) O(1)-C(2) 1.238(10)
0(2)-C(2) 1.312(10) 0(2)-C(3) 1.482(12)
CH-C2) 1.474(14) C(3)-C4) 1.483(16)
Cl(1)-Zr-CI(1%) 79.0(1) CI(1)-Zr—ClI(2) 166.3(1)
CI(1)-Zr-CI(3) 90.2(1) Cl(1)-Zr-Cl(4) 90.4(1)
CIH-Zr-Cl(2) 90.2(1) Cl(1')-Zr-CI(3) 167.9(1)
CI(1H-Zr-Cl(4) 88.3(1) Cl(2)-Zr-CI(3) 99.7(1)
Cl(2)-Zr-Cl(4) 97.7(1) CI(3)-Zr-Cl(4) 97.2(1)
O(1)-Zr—CK1) 80.3(2) O(1)-Zr-Cl(1') 82.0(2)
0(1)-Zr-CK2) 89.9(2) 0(1)-Zr-CI(3) 90.9(2)
O(1)-Zr—Cl(4) 167.7(2) Zr-Cl(1)-Zr! 101.0¢1)
Zr-0(1)-C(2) 155.1(6) C(2)-0(2)-C(3) 119.2(7)
0(1)-C(2)-0(2) 119.5(8) O(1)-C(2)-C(1) 124.3(8)
0(2)-C()-C() 116.2(8) 0(2)-C(3)-C(4) 107.0(9)
C(@)-C(3)-0(2)-C(2) 157.4(12) C(3)-0(2)-C(2)-C(1) —179.1(9)
C(3)-0(2)-C(2)-0(1) ~0.2(11) 0(2)-C(2)-0(1)-Zr —176.5(13)

“ Symmetry code: (i) - x, —y, —z.

2.225(5) A and the average length of the Ti—~Cl(bridge) bonds is 2.498(2) A. The
Zr—Cl bonds in our structure are 0.11-0.15 A longer than the Ti—Cl bonds and this
difference is similar to the difference in the octahedral radii of the Zr (1.48 A) and
of the Ti (1.36 A) atoms [16]. The zirconium atom is 0.16(1) A out of the plane
formed by the four chlorine atoms Cl(1), CI(1'), Cl(2) and CI(3), in the direction of
the Cl(4) atom. The Cl(4)-Zr-Cl1(2,3) angles are greater than 90°,

The ester group C(1), C(2), O(1), O(2) of the coordinated ethyl acetate molecule,
is planar. The C(3) carbon atom is located in this plane. The methyl group C(1) is
trans to the C(3) atom, and the C(2) is anti-clinal to the C(4) atom (see torsion
angles in Table 2). All bond lengths and angles in the coordinated ethyl acetate
molecule (see Table 2) are similar to those found in [Ti,(p-Cl),Cl,(CH;COOE),]
{31, [(CH,COOEt) ,Mg(x-C1),TiCl,] [15] and in [Mg(CH,COOE),1>" [8].

In [M,(p-Cl),Cl(CH,COOEt),] (M =Zr, Ti) are found short intramolecular
contacts between Cl(4) and C(2™* 7% 7%) atoms. In these dimeric complexes tl}e
titanium—titanium and zirconium-—zirconium distances are 3.85(2) A and 4.03(1) A,
respectively. However, the contacts between C1(4) and C(27* 7> 77} atoms [3.41(1)
A and 3.436(9) A for titanium and zirconium compounds, respectively] are similar.
In the zirconium compound the M-M and M-CI(1) distances exceed those in the
titanium compound and for that reason the M-CI(1)-M! angles are the same.
However, the change of the M—O(1) bond length is accompanied by a change in the
M-0(1)-C(2) angle from 155.1(6)° in the Zr to 152.1(3)° in the Ti compound. This
suggests the considerable effect of the intramolecular interactions on the structure
of [M, (p-Cl1),Cl,(CH,COOEt),] compounds.

In contrast to the intramolecular interactions between the chlorine and carbon
atoms of the compounds described, intermolecular interactions between the chlorine
and carbon atoms of the coordinated carbonyl group in crystalline {Cl,Ti[u-m-
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G

H,(COOE),],TiCl,} have been observed [S]. Such interactions could be a

reason for the stereospecific propylene polymerization process. This conclusion,
however, requires further experimental confirmation.

Supplemeniary material available. A table of observed and calculated structure

factors for [Zr,(p-Cl),Cl (CH,COOELt),] (11 pages} is available from the authors.
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