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A bis(cyclopentadieny1) ligand containing two ethanediyl bridges is obtained by Skattebal 
rearrangement of the bis(dibrom0carbene) adduct of 1,2,5,6-tetramethylenecyclooctane. 
Reactions of its dilithium salt with TiCMTHF)3, ZrCl4, and VC13(THF)3 afford, after 
appropriate workup, the corresponding doubly bridged metallocene dichlorides. X-ray 
diffraction studies give space group P 2 h  for all three of the complexes ( C Z H ~ ) Z ( C ~ H ~ ) Z T ~ C ~ Z ,  
( C Z H ~ ) Z ( C ~ H ~ ) Z Z ~ C ~ ~ ,  and (CZH~)Z(C~H~)ZVC~Z. 

Introduction 

C2-symmetrical ansa-metallocenes of group IV transi- 
tion metals have found applications as chiral homoge- 
neous catalysts, e.g. for a-olefin polymerizations2 or 
 hydrogenation^.^ The conformational stability of the 
ansa-metallocene ligand framework is generally con- 
sidered an important feature of these complexes. Sev- 
eral types of bridges4 have been developed to attain a 
reduced fle~ibility.~ Highly rigid chiral zirconocene 
complexes result from the introduction of two silanediyl 
bridges;6 these complexes were observed to degrade, 
however, when incubated with the cocatalyst methyl- 
alumoxane, probably due to the unusually large angle 
between the cyclopentadienyl rings caused by two 
adjacent MezSi bridges.6 Metallocenes with two adja- 
cent ethanediyl bridges are an alternative with a less 
strained but still highly rigid ligand framework. Here, 
we describe a synthetic route to doubly ethanediyl- 
bridged ligands and the preparation and crystal struc- 

e Abstract published in Advance ACS Abstracts, August 15, 1994. 
(1) ansa-Metallocene Derivatives. 30. Part 29: Stehling, U.; Diebold, 

J.; Kirsten, R.; Roll, W.; Brintzinger, H. H.; Jungling, S.; Mtdhaupt, 
R.; Langhauser, F. Organometallics 1994, 13, 964. 
(2) Polymerizations: (a) Ewen, J. A. J .  Am. Chem. SOC. 1984, 106, 

6355. (b) Kaminsky, W.; Kulper, K.; Brintzinger, H. H.; Wild, F. R. W. 
P. Angew. Chem., Int. Ed. Engl. 1985, 24, 507. (c) Ewen, J. A.; 
Haspeslagh, L.; Atwood, J. L.; Zhang, H. J .  Am. Chem. SOC. 1987,109, 
6544. (d) Mallin, D. T.; Rausch, M. D.; Lin, Y.-G.; Dong, S., Chien, J. 
C. W. J. Am. Chem. SOC. 1990, 112, 2030. (e) Chien, J. C. W.; Tsai, 
W.-M.; Rausch, M. D. J .  Am. Chem. SOC. 1991,113, 8570. (D Coates, 
A. W.; Waymouth, R. M. J .  Am. Chem. SOC. 1991, 113, 6270. 
(3) Hydrogenations: (a) Waymouth, R.; Pino, P. J.  Am. Chem. SOC. 

1990,112,4911. (b) Conticello, V. P.; Brard, L.; Giardello, M. A.; Tsuji, 
Y.; Sabat, M.; Stern, C. L.; Marks, T. J. J.  Am. Chem. SOC. 1992,114, 
2761. (c) Lee, N. E.; Buchwald, S. L. J .  Am.  Chem. SOC. 1994, 116, 
5985. 
(4) (a) Hollis, T. K.; Rheingold, A.; Robinson, N. P.; Whelan, J.; 

Bosnich, B. Organometallics 1992, 11, 2812. (b) Rheingold, A. L.; 
Robinson, N. P.; Whelan, J.; Bosnich, B. Organometallics 1992, 11, 
1869. (c) Ellis, W. W.; Hollis, T. K.; Odenkirk, W.; Whelan, J.; 
Ostrander, R.; Rheingold, A.; Bosnich, B. Organometallics 1993, 12, 
4391. (d) Burk, M. J.; Coletti, S. L.; Halterman, R. L. Organometallics 
1991, 10, 2998. (e) Halterman, R. L.; Ramsey, T. M. Organometallics 
1993,12,2879. (0 Huttenloch, M. E.; Diebold, J.; Rief, U.; Brintzinger, 
H. H.; Gilbert, A. M.; Katz, T. J. Organometallics 1992, 11, 3600. (g) 
Bandy, J. A.; Green, M. L. H.; Gardiner, I. M.; Prout, K. J .  J .  Chem. 
Soc., Dalton Trans. 1991, 2207. 

(5) Burger, P.; Diebold, J.; Gutmann, S.; Hund, H. U.; Brintzinger, 
H. H. Organometallics 1992, 11, 1319. 

(6) Mengele, W.; Diebold, J.; Troll, C. ;  Roll, W.; Brintzinger, H. H. 
Organometallics 1993, 12, 1931. 

tures of novel, doubly bridged titanocene, zirconocene, 
and vanadocene complexes. 

Results and Discussion 

The dimeric cis- and trans-[2.2lferrocenophanes (1)' 

1 

contain the required bidethanediylbbridged ligand. 
Since the preparation of 1 is cumbersome, we have 
developed a more general access to ligand 4. The 
synthesis of 4 and of the corresponding metallocenes 
5-7 is outlined in Scheme 1. The key step in this 
procedure is a Skattebprl rearrangementa of the addition 
product of dibromocarbene to a 1,3-diene system. "his 
synthetic method has proven useful for the preparation 
of several polycyclic mono- and bis(cyclopentadieny1) 
 derivative^.^ 
1,2,5,6-Tetramethylenecyclooctane (2) was used as the 

starting material for our synthetic route. This com- 
pound is available by a two-step reaction from 2,3- 
dimethylbutadiene in 15% yield, but it still contains 
about 20% of linear impurities, which are difficult to 
separate.1° 2 was treated with 2 equiv of tBuOK and 
bromoform in pentane to yield the two dibromocarbene 
adducts 3A and 3B. As 3 could not be freed from the 
impurities in the starting material, by either crystal- 

(7) (a) Paulus, H.; Schlogl, K.; Weissensteiner, W. Monatsh. Chem. 
1983, 114, 799. (b) Benedikt, M.; Schlogl, K. Monatsh. Chem. 1978, 
109, 805. 

(8) (a) Skattebd, L. Chem. Ind. 1962, 2146. (b) Skattebel, L. Acta 
Chem. Scand. 1963, 17, 1683. (c) Skattebel, L. J.  Org. Chem. 1966, 
31, 2789. (d) Skattebd, L. Tetrahedron 1967,23, 1107. 
(9) (a) McLaughlin, M. L.; McKinney, J. A.; Paquette, L. A. Tetra- 

hedron Lett. 1986, 27, 5595. (b) Paquette, L. A.; McLaughlin, M. L. 
Org. Synth. 1989,68,220. (c) Atzkern, H.; Kohler, F. H.; Muller, R. 2. 
Naturforsch. 1990, 45B, 329. Review: Halterman, R. L. Chem. Rev. 
1992, 92, 965. 
(10) Mullen, K. Private communication. C.f.: Gaoni, Y.; Sadeh, S. 

J.  Org. Chem. 1980,45,870. 
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Scheme 1 

/u - 
2 3A 38  

2 MeLi ether I 
1) 2 n-BuLi 

bel 2 4  TiCI,; HCI, 0, 
2b) ZrCI, 
2c) VCI,; PCI, 4 

5 (M Ti) 
6 (M = Zr) 
7 ( M = V )  

Table 1. '€3 NMR Data for Bis(ethanediy1)-Bridged 
Metallocenes 5 and 6 (CDClB, 250 MHz, 6 in ppm, 25 "C) 

5 6 assignt 

3.42 (m, 4H) 3.30 (m, 4H) CH2CH2 
6.15(t , lH,J=3.3Hz) 6.00(t , lH,J=3.3Hz) CHCHCH 
6.59 (d, 2H, J = 3.3 Hz) CHCHCH 

lization or chromatography, the crude product mixture 
was used without further workup. Skatteb~l rearange- 
ment,8 induced by the action of MeLi, gave the doubly 
ethanediyl-bridged bis(cyclopentadieny1) system 4. 
Deprotonation by nBuLi in THF resulted in a dark red 
reaction mixture. The dilithium salt was isolated by 
replacement of THF with pentane and subsequent 
filtration. The dianion of 4 was reacted with TiC13- 
(THF)3 in THF, followed by oxidation with HC1 in air. 
After workup (see Experimental Section), the titanium 
complex 5 was obtained in about 20% yield based on 2 
(of ca. 80% purity). Reaction of lithiated 4 with ZrCl4 
in toluene afforded the corresponding ansa-zirconocene 
dichloride 6 in 12% yield. Treatment of the deproto- 
nated ligand 4 with VC13(THF)3 in THF yielded, after 
oxidation with PC13,'l 13% of the vanadocene complex 
7. 

The lH-NMR spectra of the two diamagnetic com- 
pounds 5 and 6 (Table 1) are in accord with expectation. 
The C~Hd-bridge signals are found at 3.2 ppm, similar 
to those of singly ethanediyl-bridged metallocene dichlo- 
rides.12 The titanium complex 5 shows a somewhat 
larger coupling of the two diastereotopic ethano protons, 
probably due to smaller dihedral angles C(1)-C(11)- 
C(12)-C(6) and C(2)-C(13)-C(14)-C(7) (21.7 and 23.6") 
compared to the zirconium congener 6 (23.6 and 27.2"). 
Of particular interest are the chemical shifts of the C5- 
ring protons: Of these, the two lateral protons have 
their signals at lower field, while that of the central 
proton is found at higher field in CDCl3 solution. For 
singly bridged titanocene and zirconocene dihalides, on 
the other hand, the low-field signals had been assigned 
to  the j3-protons and the high-field signals to the a- 
protons.13 Combining the results for both types of com- 

(11) Morln, M. Transition Met. Chem. 1981, 6 ,  42. 
(12) Smith, J. A.; von Seyerl, J.; Huttner, G.; Brintzinger, H. H. J.  

6.42 (d, 2H, J = 3.3 Hz) 

Organomet. Chem. 1979, 173, 175. 

f 0.15 

- 0.3 

+0.15 

- 0.3 

b I b 
b 

Figure 1. Chemical shifts of Cs-ring protons in singly and 
doubly bridged metallocene dichlorides, relative to the 
respective average value (+ = low-field shift, - = high- 
field shift; b = bridge). 

plexes, we can now identify C5-ring sectors associated 
with high- and with low-field shifts of the cyclopenta- 
dienyl protons relative to  the respective average shift 
value (Figure 1). A similar shift pattern, which is 
apparently connected with the magnetic anisotropy of 
the M-C1 bonds, is also observed for the 13C signals of 
the lateral and central C atoms in 5 and 6 (see 
Experimental Section). 

The crystal structures of complexes 5-7 are likewise 
in accord with expectations; they exhibit approximate 
CZ molecular symmetry (Figure 2; Table 2). The axes 
bisecting the C1-M-C1 angles deviate only by 2-3" 
from the vector connecting the metal with the centroid 
of the four bridging atoms C(11)-C(14).14 As in all 
bridged metallocenes, the two C5 rings are nearly 
eclipsed. Distortions from ideal Cpv symmetry, indicated 
by dissymmetric rotational angles5 of 8 = 4-5" for each 
of the cyclopentadienyl units, are comparable to those 
of 8 = 6" for complexes with a single ethano bridge. The 
angles between the mean planes of the two Cg rings, 
57, 62, and 53", respectively, are likewise only margin- 
ally larger than those of the corresponding complexes 
with a single ethano bridge.12J5 As mentioned above, 

(13) Gutmann, S.; Burger, P.; Pmsenc, M. H.; Brintzinger, H. H. J .  
Organomet. Chem. 1990,397, 21. 
(14) For complex 7 this deviation is much smaller (3.4") than for 

singly bridged (CH~)*CZ(CSH~)ZVC~*,'~~ where the axis bisecting the 
C1-V-C1 angle deviates by ca. 12" from the axis connecting the V atom 
with the midpoint of the ethano bridge. 
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c12 

c10 
Figure 2. Molecular structure of complex 5 (left) and its pi 
and numbering schemes apply to complexes 6 and 7. 

Table 2. Selected Distances (pm) and Angles (deg) for 
Complexes 5-7 

5 (M = Ti) 6 (M = Zr) 7 (M = V) 

M( l)-Cl( 1) 235.8(1) 244.6(2) 239.6(2) 
M( 1)-C1(2) 235.4(1) 243.5(2) 239.8(2) 
M( l)--C(1) 234.6(3) 246.5(5) 229.4(3) 
MU)--C(2) 237.0(3) 248.8(5) 232.0(3) 
~ ( 1 ) - ~ ( 3 )  238.3(3) 250.6(5) 229.7(3) 
~ ( 1 ) - c ( 4 )  238.7(3) 251.4(5) 228.2(3) 
~ ( 1 ) - c ( 5 )  238.0(3) 249.1(5) 230.5(3) 
M(l)-C(6) 237.4(3) 249.0(5) 231.0(3) 
M(l)-C(7) 235.1(3) 246.8(5) 230.2(3) 
M(1)-C(8) 237.2(3) 250.0(5) 229.4(3) 
M(1)-C(9) 239.5(4) 252.1(6) 228.9(3) 
M( l)-C(lO) 239.6(3) 250.9(5) 231.1(3) 
M( l)-CR(lP 205.5 218.7 196.4 
M( 1)-CR(2) 205.6 219.2 196.5 
C1( 1 )-M( 1)-C1(2) 94.8( 1) 97.8(1) 87.2(1) 
CR(1)-M( 1)-CR(2) 124.5 120.0 126.3 
CP( l)-CP(2)b 57.8 62.5 52.9 
C(l)-C(ll)-C(12)-C(6) 21.7 23.6 22.0 
C(2)-C(13)-C(14)-C(7) 23.6 27.2 23.6 

a CR(1) and CR(2) are the centroids of C atoms numbered 1-5 and 
6-10, respectively. CP(1) and CP(2) are the mean planes of the cor- 
responding CS rings. 
complexes with two dimethylsilyl bridges show sub- 
stantially larger angles (72-73") between their cyclo- 
pentadienyl rings.6 As in these latter compounds, the 
two ethano bridges keep the cyclopentadienyl rings of 
5-7 in a conformation which places one CH unit of each 
Cg ring close to the  meridional plane bisecting the 
C1-metal-C1 angle. While substitution in this central 
position will lead to achiral complexes,16 chiral com- 
plexes with a substituent orientation different from tha t  
accessible in singly bridged metallocenes are to be 
expected when additional substituents a re  placed in the  
lateral positions of the doubly bridged Cs rings. 

Experimental Section 
General Information. Moisture- and air-sensitive com- 

pounds were handled under an argon atmosphere using 

(15) (a) Urazovskii, I. F.; Nifant'ev, I. E.; Butakov, K. A.; Ponomarev, 
V. I. Organomet. Chem. USSR 1991,4, 360. (b) Dorer, B.; Diebold, J.; 
Weyand, 0.; Brintzinger, H. H. J. Orgunomet. Chem. 1992,427,245. 
(16) Bercaw, J. E. Personal communication. Bulls, A. R.; Disserta- 

tion, California Institute of Technology, 1990. 

:ejection on the Tic12 plane (right). The same connectivities 

Schlenk techniques. THF and diethyl ether were distilled from 
sodium benzophenone ketyl; pentane was distilled from CaH2. 
NMR spectra were recorded on a Bruker WM 250-MHz 
spectrometer with TMS as internal standard. 

Crystal Structure Determinations. Crystals of 5-7 
were obtained by slow crystallization from CHCl3 or CHzCl:! 
solutions. Space groups, unit cell dimensions, and difiaction 
intensities were determined on a SyntedSiemens-P3 four- 
circle difiactometer. Table 3 summarizes the crystallographic 
data, and Tables 4-6 the atomic positional parameters. 
Additional data are recorded in the supplementary material. 

Bis(l,2-ethanediyl)bis( 1,2-~yclopentadiene) (4). A 1.6 
g (10 mmol) amount of 1,2,5,6-tetramethylenecyclooctane10 (2) 
was added to a suspension of 2.59 g of tBuOK (23 mmol) in 50 
mL of pentane. A solution of 1.98 mL (22 mmol) of bromoform 
in 20 mL of pentane was added dropwise over 2 h to the 
mixture at -20 "C. After it was stirred overnight, the light 
brown supension was hydrolyzed with 150 mL of water. The 
resulting mixture was diluted with 100 mL of diethyl ether, 
and the layers separated. The water layer was extracted three 
times with 50 mL portions of ether, and the combined organic 
layers were washed twice with water. After removal of the 
solvent under reduced pressure, the resulting orange oil was 
coevaporated twice with 30 mL of toluene to remove any water. 
The remaining oil was dissolved in 100 mL of ether and cooled 
to -78 "C. A 37.5 mL amount of a 1.6 M solution of MeLi in 
diethyl ether was added dropwise over 2 h. The resultant 
orange mixture was stirred for 1 h at  room temperature and 
then slowly hydrolyzed, under cooling with an ice bath, with 
small amounts of crushed ice and extracted with ether. The 
combined organic layers were washed three times with small 
amounts of water and dried over MgS04. After filtration, the 
solvent was removed and the residual oil taken up in 200 mL 
of pentane. This mixture was filtered over a small plug of 
Florisil, yielding a light yellow oil after evaporation of the 
solvent. The product was dissolved in 50 mL of THF and 
cooled to  -78 "C. On addition of 15 mL of 1.6 M n-BuLi in 
hexane the reaction mixture turned bright red. The solution 
was slowly warmed to room temperature and stirred overnight. 
The solvent was removed in vacuo and the residue mixed with 
50 mL of pentane. The resulting light red suspension was 
filtered and the white residue washed several times with 
pentane to yield, after drying in vacuo, 0.96 g (61% based on 
2) of the white dilithium salt of 4. 

[Bis( l,a-ethanediyl)bis( 1,2-cyclopentadienyl)] titani- 
um Dichloride (6). A 0.96 g (4.88 mmol) amount of the 
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Table 3. Crystallographic and Experimental Data for the Complexes (C2&)~(C5&)2TiC12 (9, (C2&)2(C&)2ZrC12 (6), and 
(C2H4)2(CSH3)2VC12 (7Y 
5 6 7 

formula C14H14TiC12 c14H14zIc12 Cl4HI4VC12 
fw 301.1 344.4 304.1 
color, habit 
cryst size 
space groupb 
a, A 
b, A 
c,  A 
P. deg v, A3 
density (calcd), g/cm3 
abs coeff (p), cm-’ 
temp, K 
weighting scheme 
20 range, deg 
scan speed, deg/minc 
scan range, deg 
no. of fflns collected 
no. of indep d n s  
no. of obsd fflns (F > 4u(F)) 
soh  (SHELXTL PLUS) 
no. of params refined 
Rr,d % 
R ~ F , ~  ’70 
goodness of fit 
residual density, e pm-3 

red, rhombohedron 
0.3 x 0.3 x 0.5 
P21/n 
8.0250( 10) 
11.690(2) 
13.395(2) 
91.460(10) 
1256.3(4) 
1.592 
1.075 
299 
u2(F) + 0.0003P 
4.0-47.0 
1.50-14.65 
0.60 
2257 
1977 
1635 
direct methods 
154 
3.35 
4.10 
1.52 
0.37 

yellow rhombohedron 
0.2 x 0.2 x 0.3 
P21/n 
8.13 l(2) 
11.834(3) 
13.40 l(4) 
91.73(2) 
1288.9(6) 
1.775 
1.23 1 
233 

4.0-47.0 
1.50-14.65 
0.70 
1944 
1680 
1678 
Patterson 
154 
4.44 
4.33 
1.84 
0.56 

uZ(0 + 0.0002P 

green needle 
0.3 x 0.3 x 0.5 
P21/n 
7.872(5) 
11.503(8) 
13.490(7) 
92.32(5) 
1220.6( 13) 
1.655 
1.201 
294 
a2(F) + 0.0003P 
4.0-50.0 
1 SO- 14.65 
0.80 
2438 
2146 
2143 
direct methods 
154 
4.25 
3.93 
1.32 
0.37 

Conditions: Syntex/Siemens-P3 four-circle diffractometer, Mo K a  radiation, 71.073 pm, graphite monochromator. Monoclinic, Z = 4. Wyckoff 
scan. d R ~  = 211Fol - lFcllElFc4. e R ~ ~  = ICw(lFol - IFcI)2/CFo21”2. 

Table 4. Fractional Coordinates (x  lo4) and Equivalent 
Isotropic Displacement Coefficients (pm2 x 10-l) for 

Complex 5 
X Y Z u,. 

Ti(1) -2767(1) -7623(1) -5039(1) 30(1) 
CK 1 ) -2093(1) -8940(1) -3758(1) 51(1) 
CK2) -5479(1) -7267(1) -4485(1) 53(1) 
C(1) -1848(4) -5834(2) -5599(2) 37(1) 
C(2) -398(3) -6508(3) -5417(2) 37(1) 
C(3) -302(4) -6726(3) -4390(2) 43(1) 
C(4) -1643(4) -6203(3) -3932(2) 42(1) 
(35) -2571(4) -5634(2) -4674(2) 42(1) 
C(6) -2889(4) -7571(2) -6811(2) 38(1) 
C(7) -1530(4) -8295(2) -6499(2) 39(1) 
C(8) -2209(5) -9254(3) -6030(2) 53(1) 
C(9) -3937(5) -9137(3) -6037(3) 61(1) 
C(10) -4358(4) -8104(3) -6518(2) 51(1) 
C(11) -2505(5) -5446(3) -6601(2) 56(1) 
C(12) -2734(4) -6435(3) -7328(2) 49(1) 
C ( W  784(4) -6886(3) -6205(3) 61(1) 
~ ( 1 4 )  286(4) -8047(3) -6630(3) 55(1) 

uEquivalent isotropic U, defined as one-third of the trace of the 
orthogonalized Uij tensor. 

ligand salt was dissolved in 50 mL of THF and the solution 
frozen in liquid nitrogen. A 1.81 g (4.88 mmol) amount of 
TiCl3(THF)3 was added at once and the resultant mixture 
slowly warmed to room temperature. After it was stirred 
overnight, the dark brown solution was oxidized with 30 mL 
of 6 M HC1 in the presence of air. The two layers were 
separated and the water layer extracted twice with CHZC12/ 
ether (1:4). The red solution was dried over MgS04 and 
filtered and the solvent removed in vacuo. The residue was 
washed with methanol, taken up in chloroform, and then 
filtered. The filtrate was concentrated to  a small volume and 
ethyl acetate added. The precipitating red powder was filtered 
and dried. Recrystallizations from chlorofodethyl acetate 
yielded 505 mg of 5 (21% based on 2). lH NMR: see Table 1. 
I3C NMR (75 MHz, CDC13): 6 30.8 (CHs), 113.8 (cyclopenta- 
dienyl CHCHCH), 127 (cyclopentadienyl CHCHCH), 136.3 
(cyclopentadienyl bridgehead). Anal. Calcd for C1314TiClz: 
C, 55.85; H, 4.69. Found: C, 55.71; H, 4.86. MS (EI): mlz 
300 (M+, 94%), 264 (M+ - HC1, 100%). 

Table 5. Fractional Coordinates (x  lo4) and Equivalent 
Isotropic Displacement Coefficients (pm2 x 10-l) for 

Complex 6 
X Y Z 

ZrU) 2144(1) 2349(1) 63(1) 24(1) 
C1( 1) 2923(2) lOll(1) 1386( 1) 4X1) 
Cl(2) -645(2) 2730(1) 583(1) 431)  
(31) 3108(6) 4184(4) -564(4) 29(2) 
C(2) 4547(6) 3535(4) -369(4) 29(2) 
C(3) 4686(6) 3362(4) 674(4) 33(2) 
(34) 3381(7) 3906(4) 11 19(4) 33(2) 
C(5) 2406(6) 4419(4) 363(4) 3 2 ~ )  
C(6) 2089(7) 2392(4) - 1796(3) 3 2 ~ )  
C(7) 3425(7) 1688(4) -1478(3) 3 2 ~ )  
C(8) 2762(8) 707(5) - 1038(4) 43(2) 
C(9) 1050(8) 805(5) - 107 1(4) 50(2) 
C(10) 647(7) 1838(5) -1539(4) 4369 
C(11) 2417(8) 4520(5) - 1576(4) 46(2) 
C(12) 2230(7) 3528(4) -2298(4) 41(2) 
C(13  5688(7) 3113(5) - 1164(4) 47(2) 
~ ( 1 4 )  5230(7) 1950(5) - 1556(4) 48(2) 

“Equivalent isotropic U, defined as one-third of the trace of the 
orthogonalized Uij tensor. 

[Bis( l,a-ethanediyl)bis( 1,2-cyclopentadienyl)]zirconi- 
um Dichloride (6). After mixing 0.96 g (4.88 mmol) of the 
dianion of 4 with 1.14 g (4.88 mmol) of ZrC14,50 mL of toluene 
was added. The yellow suspension was stirred for 1 day at 
room temperature and then filtered. The filtrate was evapo- 
rated to dryness and the pink residue extracted with hot ether 
for 3 days. The extract was concentrated to  a small volume, 
and 1 mL of acetone was added. The resulting mixture was 
allowed to stand at -30 “C for 1 day and filtered, and 
recrystallization from diethyl etherlpentane was carried out 
to give 330 mg of ’H NMR spectrally pure 6 as a white powder 
(12% based on 2). ‘H NMR: see Table 1. I3C NMR (75 MHz, 
CDCl3): 6 29.7 (CHz), 110.2 (cyclopentadienyl CHCHCH), 
121.4 (cyclopentadienyl CHCHCH), 131.8 (cyclopentadienyl 
bridgehead). Anal. Calcd for C14H14ZrC12: C, 48.83; H, 4.1. 
Found: C, 47.62; H, 4.44. MS (EI): mlz 343 (M+, loo%), 306 

[Bis( 1,2-ethanediyl)bis( 1,2-~yclopentadienyl)1vanadi- 
um Dichloride (7). After 1.82 g (4.88 mmol) of VCla(THF)s 

(M+ - HC1- H, 95%). 
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Table 6. Fractional Coordinates (x  104) and Equivalent 
Isotropic Displacement Coefficients (pm2 x 10-l) for 

Complex 7 

Dorer et al. 

X Y Z U," 
V(1) 2675(1) 2379(1) 117(1) 26(1) 
CKl) 2150(1) 1037(1) - 1219( 1) 43(1) 

C(1) 1839(3) 4182(2) 637(2) W 1 )  
C(2) 332(3) 3506(2) 471(2) 330) 
C(3) 226(3) 321 l(2) -538(2) W 1 )  
(34) 16 15(3) 3707(2) -1002(2) 37U) 
C(5) 2575(3) 4326(2) -288(2) 380) 

C(7) 1444(3) 1723(2) 1532(2) W 1 )  
C(8) 2086(4) 758(2) 1033(2) 43U) 
C(9) 3853(4) 871(3) 1014(2) 49(1) 
C(10) 4326(4) 1906(3) 1515(2) W 1 )  
C(11) 2540(4) 4597(2) 162 l(2) 48U) 

C ( W  -861(4) 3174(3) 1264(2) 49(1) 
~ ( 1 4 )  -389(4) 1985(3) 1690(2) W 1 )  

"Equivalent isotropic U, defined as one-third of the trace of the 
orthogonalized Uij tensor. 

was mixed with 0.96 g (4.88 mmol) of the dilithium salt of 4, 
100 mL of toluene was added. The dark brown-green reaction 
mixture was stirred for 1 day at room temperature. After 
removal of the solvent in vacuo, the residue was taken up in 
150 mL of ether and filtered. On addition of 0.42 mL (4.88 

CK2) 5455( 1) 2650(1) -509(1) 46(1) 

C(6) 2859(3) 2447(2) 1830(2) 3 2 ~ )  

C( 12) 2750(4) 3593(2) 2356(2) 4 2 ~ )  

mmol) of PCls to the filtrate, a light green powder precipitated. 
The solid was filtered and, after drying in vacuo, extracted 
with CHzClz for 3 days. The extract was reduced to a small 
volume, and 40 mL of ether was added. The resulting green 
precipitate was filtered and washed with a small portion of 
THF and then acetone. After recrystallization from methylene 
chloride/toluene and drying, 316 mg of 7 (13% based on 2) was 
obtained. IR (Nujol): 3121 (m), 3111 (m), 3093 (m), 1438 (s), 
1104 (m), 1044 (m) 835 (m), 811 (s) cm-'. MS (EI): mlz 303 
(M+, 42%), 268 (M+ - C1, 100%). Anal. Calcd for C14H14VClz: 
C, 55.29; H, 4.64. Found: C, 54.63; H, 4.68. MS (EI): mlz 
300 (M+, 94%), 264 (M+ - HC1, 100%). 
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Supplementary Material Available: Tables of crystal 
data and details of the data collection, solution, and refine- 
ment, atomic coordinates and U,, values, bond lengths and 
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pounds 5-7 and a figure showing the IH NMR spectrum of 6 
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