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Abstract 
The s form of 5 dichlorobis(r/ -cyclopentadienyl)zirc- 
onium, [ZrCI2(CsHs)2], crystallizes in space group P1 
and is isomorphous with s-Cp2TiC12 and s-Cp2HfC12. 
The two C1 ligands and the centroids of the Cp rings 
adopt an irregular tetrahedral arrangement about the 
Zr center. The angle between the CI-Zr-C1 plane and 
the Cpcentroid-Zr--Cpcentroid plane is 89.4 ° for molecule 
(1) and 89.7 ° for molecule (2) of the asymmetric unit. 
The average bond distances are C m C  = 1.384(5) and 
Zr--C1 = 2.447(3),~, in molecule (1), and C - - C  = 
1.359(7) and Zr--C1 = 2.447 (1)~, in molecule (2). 

Comment 
A commercial sample of the title compound, (I), was 
recrystallized from chloroform over a two month period 
at 278 K to provide the s crystalline form. A fl form of 
zirconocene dichloride (space group P21/a, Z = 8) has 
been obtained by recrystallization from tetrahydrofuran 
and the structural parameters have been described briefly 
(Soloveichik, Arkhireeva, Bel'skii & Bulychev, 1988). 

..... CI  

(i) 

The structure determination of the s form, which was 
first reported in 1974 (Prout, Cameron, Forder, Critch- 
ley, Denton & Rees, 1974), indicated that the atoms of 
the cyclopentadienyl rings exhibited large displacement 
parameters in the ring planes, consistent with either 
static or dynamic disorder. This disorder was modeled 
using rigid bodies with isotropic atomic displacement 
parameters to describe two orientations of partial occu- 
pancy for the rings associated with one molecule and 
large anisotropic atomic displacement parameters to de- 
scribe a single-ring orientation for the other independent 
molecule. The model converged at R = 0.095. A later 
attempt to refine the structure of s - C p 2 Z r C l 2  was  aban- 
doned when the same disorder was observed (Clearfield, 
Warner, Saldarriaga-Molina, Ropal & Bernal, 1975). In 
the present redetermination, Mo Ks radiation rather than 
Cu Ks radiation has been used, thus reducing the effects 
of absorption considerably. Furthermore, refinement of 
each of the cyclopentadienyl rings using unconstrained 
single orientations with anisotropic atomic displacement 
parameters has led to convergence at R = 0.032 and S = 
1.08, and also permitted the direct location and refine- 
ment of the cyclopentadienyl H atoms. Large anisotropic 
displacement parameters of the ring C atoms are again 
indicative of either static or dynamic disorder. The short 
mean C - - C  distances, 1.384(5)A in molecule (1) and 
1.359 (7).~, in molecule (2) (cf. typical C m C  distance 
of 1.397 A,; Orpen, Brammer, Allen, Kennard, Watson 
& Taylor, 1989), are also consistent with this asser- 
tion. The structures of s-Cp2TiC12 (recrystallized from 
C6H6) (Clearfield, Warner, Saldarriago-Molina, Ropal 
& Bemal, 1975) and s-Cp2HfC12 (recrystallized from 
CH2C12) (Soloveichik, Arkhireeva, Bel'skii & Bulychev, 
1988) are isomorphous with the Cp2ZrC12 structure re- 
ported here. All three metallocene dihalides exhibit a 
similar disorder problem in the Cp rings. A compar- 
ison of selected parameters for the three metallocene 
dihalides is given in Table 3. 

C(41 
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~ C1(2) 
_ ~Zr(2) CI(1, ~ ~ l / l / l l / l l / ~  

I ..... ~ c , 4 ~  I 

0{201 " ~ ~ C { 1 9 }  C{ 7 } ~ 1 ~ ~  . 

CI6) 
Fig. 1. Displacement ellipsoid drawing (SHELXTL-PIus; Sheldrick, 

1991) of the title compound. Ellipsoids are scaled to enclose 50% 
probability and H atoms are omitted for clarity. 
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566  [ZrC12(C5H5)2] 

T h e  m e t a l l o c e n e  d i h a l i d e s  a n d  r e l a t e d  d e r i v a t i v e s  o f  

t i t a n i u m  a n d  z i r c o n i u m  are  u t i l i z ed  as h o m o g e n e o u s  

Z i e g l e r - N a t t a  c a t a l y s t  p r e c u r s o r s  f o r  the  p o l y m e r i z a t i o n  

o f  o le f ins  ( C o l l m a n ,  H e g e d u s ,  N o r t o n  & F i n k e ,  1987) .  

Experimental 
Crystal data 

[ZrC12(CsHs)2] 
Mr = 292.3 
Triclinic 
PT 
a = 8.109 (3 ) /k  
b = 11.845 (5 ) /~  
c = 12.364 (5) ,~, 
a = 71.08 (3) ° 
/3 = 76.82 (3) ° 
7 = 87.62 (3) ° 
V = 1093.1 (7)/~3 
Z = 4  
Dx = 1.776 Mg m -3 

Mo Ko~ radiation 
A = 0 .71073 /k  
Cell parameters  from 14 

reflections 
0 = 10-- 13 ° 
# = 1.435 m m -  
T = 298 K 
Rectangular  
0.6 × 0.3 × 0.2 m m  
Colorless 

Data collection 
Siemens R3m/V diffractom- 

eter 
w/20 scans 
Absorption correction: 

empirical  (~b scan) 
Tmi, = 0.735, Tmax = 
1.000 

6835 measured  reflections 
6418 independent  reflections 
4450 observed reflections 

[F > 4.0tr(F)] 

Rim - 0.0178 
0max = 30 ° 
h = 0 ---~ 11 
k = - 1 6  ~ 16 
l = - 16 ~ 17 
3 standard reflections 

moni tored  every  50 
reflections 

intensity decay: 3% 

Refinement 

Refinement  on F 
R = 0.0320 
wR = 0.0379 
S = 1.08 
4450 reflections 
316 parameters  
All H-atom parameters  

refined 
w = 1/[o'2(F) + 0.0004F 2] 

(A/o')max = 0.159 

mpmax = 0.54 e / ~ - 3  
mpmin = 0.39 e ,~-3 
Extinction correction: 

Larson (1970) 
Extinction coefficient: 

X = 0.0003 (2) 
Atomic scattering factors 

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Tab l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/~2) 

Ueq = (1/3)Ei~jUija~ aTai.a j. 

x y z Ueq 
Zr(1) 0.1120 (1) 0.2380 (1) 0.1066 (1) 0.035 (1) 
Zr(2)  --0.3301 (1) 0.2654 (1) 0.6126 (1) 0.037 (1) 
CI(I) 0.1383 (1) 0.3758 (I) -0.0929 (I) 0.068 (1) 
C1(2) 0.2779 (1) 0.0785 (1) 0.0536 (I) 0.063 (1) 
C1(3) -0.2801 (1) 0.4223 (1) 0.4211 (1) 0.063 (1) 
C1(4) -0.0906 (1) 0.1437 (1) 0.5656 (1) 0.069 (1) 
C(1 )  -0.1921 (5) 0.2648 (5) 0.1823 (5) 0.074 (2) 
C(2 )  -0.1455 (6) 0.1651 (7) 0.2637 (4) 0.093 (3) 
C(3 )  -0.1090 (6) 0.0757 (5) 0.2114 (5) 0.079 (2) 
C(4 )  -0.1361 (5) 0.1233 (4) 0.0985 (4) 0.062 (2) 
C(5 )  -0.1877 (5) 0.2372 (4) 0.0820 (4) 0.065 (2) 

C(6) 0.3694 (5) 0.3521 (4) 0.1014 (4) 0.063 (2) 
C(7) 0.2271 (7) 0.4139 (4) 0.1385 (6) 0.079 (3) 
C(8) 0.1400 (6) 0.3398 (6) 0.2480 (5) 0.083 (3) 
C(9) 0.2261 (6) 0.2354 (5) 0.2772 (4) 0.074 (2) 
C(10) 0.3677 (5) 0.2451 (4) 0.1884 (4) 0.064 (2) 
C(II) -0.5282 (8) 0.1781 (8) 0.5284 (6) 0.097 (3) 
C(12) -0.4821 (7) 0.0860 (5) 0.6125 (8) 0.100 (3) 
C(13) -0.5403 (8) 0.0989 (6) 0.7169 (6) 0.099 (3) 
C(14) -0.6306 (6) 0.2002 (7) 0.7003 (6) 0.093 (3) 
C(15) -0.6241 (6) 0.2528 (5) 0.5842 (7) 0.091 (3) 
C(16) -0.4037 (7) 0.3769 (7) 0.7527 (7) 0.096 (3) 
C(17) -0.3490 (9) 0.2706 (6) 0.8122 (4) 0.093 (3) 
C(18) -0.1797 (8) 0.2660 (6) 0.7680 (5) 0.085 (3) 
C(19) -0.1281 (7) 0.3674 (6) 0.6807 (5) 0.085 (3) 
C(20) -0.2642 (12) 0.4389 (5) 0.6699 (5) 0.102 (4) 

Tab le  2. Selected geometric parameters (,A,, o) 

zr(1)----Cl(l) 2.444 (1) zr(1)----Cpl t 2.200 
zr(1)--Cl(2) 2.450 (1) zr(l)----Cp2 t 2.201 
Zr(2)---CI(3) 2.448 (1) Zr(2)----Cp3 i" 2.208 
Zr(2)---CI(4) 2.446 (2) Zr(2)----Cp4 i" 2.202 

C---C [C(1)--C(5)] 1.382 (7) ~ C----C [C(I 1)--C(15)] 1.382 (7)~t 
C---C [C(6)-C(10)] 1.385 (7)~t C----C [C(16)--C(20)] 1.360 (9)~t 

CI(1)---Zr(1)--CI(2) 97.0 (1) Cpl--Zr(1)--Cp2 129.5 
C1(3)---Zr(2)---C1(4) 97.1 (1) Cp3--Zr(2)--Cp4 129.1 

C---C--C [C(1)-C(5)] 108.0 (4) ~: C----C---C [C(I 1)--C(l 5)] 108.0(8):1: 
C---C---C [C(6)--C(10)1 108.0 (4)$ C----C---C [C(16)--C(20)1 108.0 (3)~t 

t Cpl, Cp2, Cp3 and Cp4 are the centroids of the cyclopentadienyl 
rings. 

E.s.d.'s for averaged dimensions were calculated according to 
tr = [~_a(di-d)2]n(n-1)]l /2. 

Tab le  3. Comparison of  structural parameters (/~, °)  in 
Cp2MC12 (M = Ti,  Zr,  Hf )  

Cp2TiCI2 a Cp2ZrC12 b Cp2HfCI2 c 
M---CI a 2.364 (2) 2.447 (1) 2.423 (2) 
CIr--M 2.059 2.203 2.18 
C---C r a n g e  1 .339 -1 .419  1 .325-1.408 1.299-1.448 
Average C---C e 1.370 (4) 1.371 (5) 1.383 (10) 
CI--M---CI 94.5 (1) 97.0 (1) 96.2 
Cp---M----Cp 131.0 129.3 127.1 
Notes: (a) Clearfield, Warner, Saldarriago-Molina, Ropal & Bemal 
(1975); (b)this work; (c) Soloveichik, Arkhireeva, Bel'skii & Bulychev 
(1988); (d) average e.s.d.'s calculated as in footnote ~: to Table 2; (e) 
calculated for all C---C distances from published data. 

As some disorder was indicated from the larger U~q values 
for the C atoms, attempts were made  to resolve the disorder. 
However,  due to the closeness of  the C atoms in the disorder 
model  (<0.3/~,), a split-atom model  could not be refined. 

Refinement  was also at tempted using F 2 (SHELXL93; 
Sheldrick, 1993), but no improvement  was observed. Two 
types o f  empirical absorption correction were tried: (i) ~/, scan 
(SHELXL93 XEMP), and (ii) using equivalent reflections, the 
former  resulting in a better quality structure. 

A c k n o w l e d g e m e n t  is m a d e  to  t he  d o n o r s  o f  t he  

P e t r o l e u m  R e s e a r c h  F u n d ,  a d m i n i s t e r e d  b y  the  A m e r -  

i c a n  C h e m i c a l  S o c i e t y ,  to t he  N a t i o n a l  S c i e n c e  F o u n d a -  

t ion  ( C H E - 9 2 1 3 6 8 8 ) ,  to  the  R e s e a r c h  B o a r d  o f  t he  U n i -  

v e r s i t y  o f  M i s s o u r i  a n d  to a R e s e a r c h  I n c e n t i v e  A w a r d  

f r o m  the  U n i v e r s i t y  o f  M i s s o u r i  - St  Lou i s ,  f o r  s u p p o r t  

o f  th is  w o r k .  
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: CRl136). Copies may be obtained through The 
Managing Editor, Intemational Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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dipyridyl sulfide ligand forms a folded six-membered 
chelate ring with a larger N n V ~ N  bite angle than that 
formed by 2,2'-bipyridyl. 

Comment 

Pyridines have been utilized widely in the synthesis of 
transition metal complexes because of their o'/~-bonding 
capability. An additional and significant effect on the 
geometry of the complex formed is expected when 
multidentate polypyridines are used. 2,2'-Bipyridine 
(bpy) is one such ligand (Holloway & Melnik, 1985), 
and gives rise to a five-membered chelate ring. Ligands 
of the type p y - - X ~ p y  (bpyX; X = O or S) give six- 
membered chelate rings, modifying the metal-nitrogen 
bonding. Many vanadium complexes of bpy have been 
synthesized and characterized by X-ray crystallography 
(Boas & Pessoa, 1987), whereas vanadium complexes 
of bpyX are few. Here we report the structure of the 
title complex, (I). 

o 
C IIl,,.IJv.,,~ C 

(I) 
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Abstract 

The complex (di-2-pyridyl sulfide-N,N')dichlorooxo- 
vanadium(IV), [VOC12(CI0H8N2S)], was prepared by 
the reaction of VC13 and sodium 2-mercaptopyridine N- 
oxide in ethanol solution under an atmosphere of argon. 
The N atoms of the dipyridyl sulfide ligand and the two 
chloride ligands coordinate to the oxovanadium(IV) ion, 
to give a complex with square-pyramidal geometry. The 

The structure of the the title complex, (I), is shown 
in Fig. 1. The mononuclear vanadium(IV) center is lig- 
ated by an O, two C1 and two N atoms. The V---O 
bond distance [1.573 (2) A,] is typical for vanadium com- 
plexes having a terminal oxo group (Nugent & Mayer, 
1988). The N- -V- -N ,  O---V---C1, O---V--N and C1-- 
V- -N bond angles indicate a typical square-pyramidal 
VOC12N2 core with the oxo l igand occupying the apical 
site. The V atom lies 0.52 A, above the plane formed 
by the two CI and two N atoms. The O atom of the 
sodium 2-mercaptopyridine N-oxide used in the syn- 
thesis of (I) is a likely source of the terminal oxo 
ligand, while the presence of vanadium may promote 
the ligand-coupling reaction which results in the for- 
mation of the bpyS ligand, an unexpected product of 
the reaction. The bpyS ligand is not planar, and the 
six-membered chelate ring has a folded boat-like con- 
formation. In the chelate ring the N - - V m N ,  VmN-----C, 
N----C~S and C--S----C bond angles, and the V n N ,  
N- -C and C--S  bond lengths all fall within the range 
of usual values; hence the six-membered ring is not 
strained. The N(1)--V(1)--N(2) bond angle is larger 
than that found for the rigid five-membered chelate 
ring formed by bpy in the oxovanadium(IV) com- 
plex [VO(bpy)(N-methoxyiminodiacetate)] [77.4 (2) °] 
(de C. T. Carrondo, Duarte, Silva & da Silva, 1991). 
The V- -N bond lengths in the title complex are longer 
than those in [VO(bpy)(N-methoxyiminodiacetate)] 
[2.088 (4), 2.094 (4) A]. These results show that the 
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