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Abstract 

X-ray analysis of the yellow, air-unstable, crystalline compound 
Cp’ZrCf, (1) which results from the reaction of ZrCI, with Cp’SiMe, 
confirms the presence of two Cp*ZrCI, moieties related by a centre 
of symmetry with two chlorine atoms bridging the metals. 1 is 
therefore a dimer, despite the molecular structure of [CpZrCl,], 
which was found to be a polymer. 
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The use of Cp’SiMe, as a mild and effective reagent 
for the preparation of monopentamethylcyclopentadi- 
enyl trihalides of the Group 4 elements is well known 
[l]. It is a noticeable improvement over other reagents 
[2] for preparing Cp*ZrCl, (1). The last step in other 
preparations was always a tedious sublimation (16o”C, 
10e4 mmHg, 2 days). However, until now we have been 
unable to obtain suitable single crystals for the study of 
its molecular structure by X-ray diffraction and there is 
not much information on similar structures [3]. Here 
we report the molecular structure of Cp*ZrCl, (1). 

The molecular structure of compound 1 is shown in 
Fig. 1, the final atomic coordinates for the non-hydro- 
gen atoms are presented in Table 1 and selected bond 
distances and angles are given in Table 2. The com- 
pound is a dimer in which the two Cp’ZrCl, moieties 
are related by a centre of symmetry with two chlorine 
atoms bridging the two metals; the environment around 
each zirconium atom is the classical four-legged 
piano-stool structure. 

Zr-Cl(termina1) bond distances for compound 1 are 
2.385(l) and 2.402(l) A, while Zr-Ckbridging) dis- 
tances are 2.587(l) and 2.5890) A respectively, similar 
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to those found for the linear polymer CpZrCl, 141, 
Zr-Chterminal) 2.419(3) A and Zr-Clcbridging) 
2.518(3)-2.728(3) A, and shorter than those reported 
for the monomeric complex CpZrCl,(MeOC,H,OMe) 
[5], with average Zr-Cl(termina1) bond distances of 
2.464 A. No bonding distances were found for zirco- 
nium atoms from adjacent [{Cp*ZrCl,j,] molecules, 
while the Zr-Zr intramolecular distance for complex 1 
is 4.119 A, close to 4.225 and 4.180 A, both found for 
the compound CpZrCl,. 

The Zr-Cp*(l) distance, 2.175 A, is similar to val- 
ues reported for other Cp*Zr complexes, 2.238(5) A 
for [{~5-C5Me5)ZrClZ(HZOX~-OH)).L] and 2.230 A 
(average) for [((~5-C5Me5~ZrCl),(~-C1~4~~3-0)1 [61. At 
the same time, the C,Me, plane is almost parallel to 
that formed by the four chlorine atoms bonded to each 
metal, with a dihedral angle of 1.4”. 

Hence, the presence of a bulkier ligand, such n5- 
C5Me5, makes it more difficult for the compound 
Cp*ZrCl, to be a polymer, but this ligand is not big 
enough to stabilize a monomeric species such as 
[Cp*TiCl,l [7]. 

X-Ray Crystallography 

A yellow crystal of [{Cp’ZrCl,),] was obtained from 
toluene (- 10°C) and was mounted in a glass capillary 
in a random orientation. Preliminary examination and 
data collection were performed at 20°C using MO K, 
radiation (A = 0.71065 A) and a graphite-orientated 
monochromator on an Enraf-Nonius CAD4 diffrac- 
tometer. From the systematic absences and from the 

Fig. 1. ORTEP of compound 1 with 50% of probability. 
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TABLE 1. Atomic coordinates (X 104) and equivalent isotropic 
displacement parameters (A* X 103) for [{Cp’ZrCl,],] 

cil> 
Cl(2) 
Cl(3) 

Zr(l) 

cxl) 
ci2) 
c(3) 
C(4) 

C(5) 
C(6) 

C(7) 
C(8) 
C(9) 
C(10) 

X 

15920) 

39170) 
35590) 
2341(3) 

26680) 

1879(3) 
2538(3) 
3396(3) 

3275(3) 
1912(5) 

871(3) 

2366(6) 
4290(5) 
4021(4) 

-410) 

Y 

151(2) 
2643(l) 
3207(5) 

409X5) 
4838(5) 

19190) 

439ti5) 

3384(5) 
2382(8) 
4313(9) 

6019(6) 
502200) 
2775(9) 

35980) 
41010) 

Z 

5222(l) 
3047(2) 
3438(2) 

3900(2) 

41040) 

3803(2) 
3276(2) 

2448(2) 
3343(3) 
4386(3) 
4149(3) 

2968(3) 

63(l) 
67(l) 
440) 
430) 
440) 
510) 
530) 
500) 
89(2) 
942) 

102(2) 

120(3) 
103(3) 

subsequent least-squares refinement, the space group 
was determined to be monoclinic C2/c. Unit cell $i- 
mensions: a = 14.987(3), b = 8.350(2), c = 21.598(4) A, 
p = 101.55(3)“; Z = 4, Dcalc = 1.669 g cmm3. 

A total of 2497 reflections in the unique set was 
collected in the + h, + k, f 1 octants in the range 
6” I 28 I 50”, o scan mode, with 2316 independent 
reflections (Rint = 0.0525). Two representative check 
reflection standards were measured after every two h 
and remained constant within experimental error 

TABLE 2. Selected bond lengths (A) and angles (“) for Kp*ZrClJJ 

Zr(l)-CK2) 2.3850) Zr(l)-Cl(l) 2.402(l) 

zI(l)-Ct2) 2.469(4) Z&1-C(3) 2.477(4) 

ZI(l)-c(l) 2.482(3) Z&1-C(4) 2.484(4) 

Zr(lxx5) 2.484(4) Zr(l)-Cl01 2.5870) 

Z&I-ClU)# 2.589(l) ClO)-Zr(l)# 2.589(l) 

Zr(l)-Cp*(l) 2.175 

Cl(2)-Zl-0)-Cl(l) 91.87(5) Cl(2)-Zr(l)-Cl(3) 83.57(5) 

cl(1)-zr(l)-cl(3) 139.26(4) Cl(2)-Zr(l)-Cl(3)X 137.26(4) 

cl(1)-zr(l)-c1(3)# 82.21(4) Cl(3)-Z&1-Cl(3)X 74.54(4) 
Zr(l)-Cl(3)-Z&)X 105.46(4) Cp*(l)-Z&)-Cl(l) 110.7 

Cp*(l)-Zr(l)-Cl(2) 112.6 Cp*(l)-Zr(l)-Cl(3) 108.3 

Cp’(l)-Z&j-C1(3)# 109.0 

Cp’(1) is the centroid of the C,-ring. 

throughout data collection, so no decay correction was 
required. Intensities were corrected for Lorentz and 
polarization effects in the normal manner. No absorp- 
tion or extinction corrections were made. The structure 
was solved by direct methods and refined by blocked 
full-matrix least-squares analysis. All non-hydrogen 
atoms were anisotropically refined and methyl hydro- 
gen atoms were placed in idealized positions and al- 
lowed to ride on the relevant carbon atoms. 

No solvent molecules were found, the largest peak 
in the final electron density difference map being 0.660 
eA_‘. Final values of R = 0.034 and R, = 0.086 were 
obtained. The programs SHELX-~6 [S] and SHELXL-93 [9] 
were used to perform all the calculations with an 
ALPHA AXP Digital Workstation. 

Full lists of bond distances, bond angles and thermal 
parameters have been deposited at the Cambridge 
Crystallographic Data Centre. 
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