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Dimethylallenediyl as an ql,q*-Bridging Ligand in a Dizirconocene Complex 
Paul Binger, Franz Langhauser, Barbara Gabor, Richard Mynott, Albert T. Herrmann and Carl Kriiger 
Max-Planck-lnstitut fur Kohlen forschung, Kaiser- Wilhelm-Platz I, 0-4330 Mulheim a.d. Ruhr, Germany 

Treatment of (q2-ethene)(trimethylphosphane)zirconocene 1 with 3,3-dimethylcyclopropene 2 leads to the formation 
of a new type of bis(ethy1zirconocene) complex 3 with 3,3-dimethylallenediyl as a yl,p2-bridging ligand; the crystal 
structure of 3 is determined by X-ray analysis. 

The multifunctional behaviour of cyclopropenes is now well 
documented. 1 They can act either as 72-ligands in low-valent 
transition metal complexes by complexation of the strained 
C-C double bond2 or  as ~1-ligands resulting from opening of 
the three-membered ring. In the latter case, metallacyclo- 
butenes3 or vinylcarbene metal complexes4 are formed. The 
ability of cyclopropenes to act as proton donors has been 
observed in organometallic chemistry only in metallation 
reactions with main group metallorganic compounds, e.g. 
butyllithium, LDA (lithium diisopropylamide) or  Grignard 
reagents. 1 

We now report for the first time the protonation of an 
q*-ethene metal complex by a cyclopropene to give an 
ethylmetal compound. Two molecules of Vl-ethene zircon- 
ocene, prepared in situ from its trimethylphosphane complex 1 
by addition of one equivalent of triethylborane, reacts with 
one equivalent of 3,3-dimethylcyclopropene 2 at room tem- 
perature with formation of the new 1 ,l-(ethylzirconoceny1)- 
allene complex 3 in 56% yield as yellow crystals. The 
characteristic feature of compound 3 is the bridging 3,3- 
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dimethylallenediyl group which forms a single bond to one 
zirconium atom and an @-bond to the other one, Scheme 1. 

The formation of complex 3 is best explained by invoking 
the intermediate of the dizirconated cyclopropene 4, which 
rearranges immediately to give the product 3. Support for this 
assumption is given by the observation that 1,2-dilithio-3,3- 
diphenylcyclopropene rearranges spontaneously to 1, l-di- 
lithio-3,3-diphenylallenes whereas 1,2-dilithi0-3-phenyl-3- 
methylcyclopropene can be prepared at 0 "C in diethyl ether.6 
Both dilithio compounds react with dichlorotitanocene in the 
presence of trimethylphosphane to yield the corresponding 
allenylidene(trimethy1phosphane)titanocenes.s It is note- 
worthy that the more acidic acetylene and alk-l-ynes react 
with complex 1 through oxidative coupling to give zircona- 
cyclopentene derivatives whereas ethanol protonates the 
n-bonded ethene in 1 to yield ethylethoxyzirconocene.7 

It is also worth mentioning that other q2-alkene or +alkyne 
zirconocene complexes react with 2 in a different manner. For 
example, the reaction of the +butene(trimethylphos- 
phane)zirconocene leads to replacement of butene by 24 
whereas alkyne(trimethy1phosphane)zirconocene and 2 gives 
a 2-zirconabicyclo[3.l .O]hex-3-ene derivative through oxida- 
tive coupling.* 

Crystallographic and spectroscopic studies have been car- 
ried out to characterize the static and dynamic behaviour of 
complex 3. The result of the crystal X-ray study' is shown in 
Fig. 1. This reveals an asymmetric bonding mode of the 

t Crysral data for 3: C29H36Zr2. M = 567.1 g mol-I, triclinic, space 
group P1 (No. 2), a = 8.320(1), h = 11.492(1), c = 13.820(1) A, ci = 
95.82(1), (3 = 90.02(1), y = 102.47(1)", U = 1283.2 Ai, 2 = 2, D, = 
1.47 g cm-3, F(000) = 580e, p(Mo-Koc) = 8.12 cm-1, h = 0.71069 A, 
Enraf-Nonius CAD4 diffractometer, 6977 measured reflections 
[ f h + k + l ] ,  6691 unique reflections, 4889 observed reflections [f > 
2o(f)] for 280 refined parameters, structure solution by heavy atom 
method, H-atom positions calculated with thermal parameters of 0.08 
A*, final R = 0.043, R, = 0.043 [ w  = l/02((F0)], residual electron 
density = 0.65 eA-? near the Zr-atoms. Atomic coordinates, bond 
lengths and angles, and thermal parameters have been deposited at 
the Cambridge Crystallographic Data Centre. See Notice to Authors, 
Issue No. 1. 
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Fig. I Molecular structure of 3: selected distances (A) and angles ("): 
Zr( 1)-C(l) 2.433(4), Zr( 1)-C(2) 2.420(4), Zr(1)-C(6) 2.368(4). 
Zr(2)-C(l) 2.235(4). Zr(2)-C(8) 2.286(4), C( 1)-C(2) 1.256(5), C(2)- 

1.541(6), C(8)-C(9) 1.514(7): D(2)-Zr(l)-D(l) 127.2( l ) ,  C(6)- 
Zr(1)-C(l) 128.3( 1). C(2)-Zr( 1)-C(l) 30.0(1), D(4)-Zr(2)-D(3) 
129.4( 1). C(8)-Zr(2)-C( 1) 103.9(2), C(2)-C(l)-Zr(2) 138.9(3), 
C( 2)-C( 1)-Zr( 1) 74.5(2), Zr(2)-C( 1)-Zr( 1) 146.7(2). C(3)-C(2)- 
C( 1) 167.8(4), C(S)-C(2)-Zr( 1) 92.3(3). C(l)-C(2)-Zr(l) 75.6(2), 
C( 7)-C( 6)-Z r ( 1 ) 1 20.4( 3) ,  C( 9)-C( 8)-Zr ( 2) 123.7( 3) 

C(3)  1.352(6), C(3)-C(4) 1.503(8). C(3)-C(5) 1.499(7), C(6)-C(7) 

Scheme 2 

allenediyl ligand to the two zirconium atoms. Zr(2) is bonded 
by a shortened Zr(2)-C(1) bond [2.245(4) A], whereas Zr(1) 
shows a n-interaction with C( l )  and C(2) [Zr(l)-C(1) 
2.433(4), Zr(1)-C(2) 2.420(4) A]. Only a small interaction 
may exist between Zr(1) and C(3) because of the large 
separation [Zr(l)-C(3) 2.819(5) A] of these two atoms. The 
alleiiediyl fragment is distinctly bent toward Zr( 1) [C( 1)- 
C(2)-C(3) angle, 167.8(4)"] compared to the strictly linear 
arrangement adopted by o p b o n d e d  allene derivatives. The 
special bonding situation in this molecule is also reflected in 
high Zr( 1)-C( 1)-Zr(2) [ 146.7(2)"] and Zr(2)-C( 1)-C(2) 
[138.9(3)"] angles, a small Zr(1)-C( 1)-C(2 [74.5(2)"] angle 

[ 1.3S2(6) A], which correspond to a n-bonded triple bond9 
and a double bond. The two methyl substituents are situated 
perpendicular to the Zr2 [p-C( I)] plane. 

The 200 MHz 'H and 50.5 MHz 13C NMR spectra of 3: at 
30 "C reveal only one set of ethyl signals and one Cp-signal (Cp 
= cyclopentadienyl). Provided that the solid-state structure is 
retained in solution, a rapid exchange of the environment of 

and in the distances C(l)-C(2) [1.256(5) d ] and C(2)-C(3) 

$ Selected NMK spectroscopic data for 3: IH (200 MHz, ['H,]THF; 
30°C) b 5 . 8 6 ( ~ , 5 H , C , H j ) ,  1.44(t,6H,MeCH?),JHH7.6Hz). 1 . 3 0 ( ~ ,  
6H, Me), 0.72 (9. 4H, CHzMe; IT (50.5 MHz, ['HsITHF, 30°C). 6 
168.6 ( C o ) .  141.6 (Cp), 75.3 (C,), 18.3 (CH;. J C H  123 Hz), 34.3 
(CHZMe, JCH 117 Hz), 21.9 (MeCH2, J C H  126 Hz), 109.5 (C5H5, JCH 
172 Hz). 

the Cp(Et)Zr-fragment on the NMR time scale must be taking 
place as shown in Scheme 2. However, the only direct 
evidence of such an exchange is a slight broadening of the 
methylene carbon signal of the ethyl groups in the 75.5 MHz 
I3C NMR spectrum at -80 "C. All other signals remain sharp 
at this temperature. 

In the literature, several examples of mononuclear allenyl- 
idene metal complexes of Ru,1° Cr, W," MnI2 and Ti' are 
described and also dinuclear metal complexes of the allene 
fragment with different kinds of metal-carbon bonding are 
referred to.13 All of the hitherto reported dinuclear allene 
complexes are prepared by methods different from the 
presently described synthesis of 3 nor is the bonding mode of 
the two zirconium atoms in 3 comparable with those of the 
previously reported bimetallic allene derivatives. 
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