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Synthesis and Structure of the First 
[2,]Metallocenophanes ** 

N M R  spectra of 3 indicate that it exists as a contact ion pair at 
- 60 The reaction of 3 with (q6-p-xylene)(q5-cyclopenta- 
dienvlhron hexafluorouhosDhate[61 at  25 'C bv irradiation with 
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Bent metallocenes with a nonplanar arrangement of the ring 
ligands proved to be components of efficient catalysts for the 
stereoselective polymerization of alkenes.['] Rigid metallocene 
derivatives of the fourth subgroup having a short bridge and 
consequently exposed metal center were found to be particularly 
well suited.[21 Numerous metallocenophanes have been pre- 
pared with one or more bridges of various lengths, but surpris- 
ingly [2]( 1,1')[2](2,2')-metallocenophanes 2 are not known,[31 
even though the considerable conformational rigidity of the 
ligand system and the large dihedral angle between the planes of 
the rings indicates that they could serve as components of ho- 
mogeneous catalysts. 

In the course of investigations on dicyclopenta[a.e]cyclo- 
octene, a 14n electron system with cyclic delo~alization,[~] we 
discovered a simple route to tricycl0[9.3.0.0~~ 'Itetradeca- 
4,7,11 .l.l-tetraene (1),[51 which proved to be a suitable starting 
material for metallocenophanes of type 2. We report here on  the 

4-+ R H Me3Si 

2 

synthesis and structure of ferrocenophane 2a and zircono- 
cenophane dichloride 2 b, the first [2,]metallocenophanes. 

The dilithium compound 3 was prepared by double deproto- 
nation of 1 a with nBuLi in T H F  at  25 "C. The 'H,  I3C, and 6Li 

Li  + Li + 

nBuLi- 0 l a  
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[2,](1 ,i)-ferrocenophane (4)['] (1 8 % yield, ;ellow crystals, de- 
camp > 230 "C), which was previously synthesized by Schlogl 
et al.['l from substituted ferrocenes in multistep procedures. 
Compound 3 reacted with FeCl2.1.5THF in T H F  at 2 5 ' C  to 
afford [2](1.1')[2](2,2')-ferrocenophane 2a as deep red plates 
(decomp > 210 "C)r91 in 41 % yield."'] The complex is stable at 
- 50 "C under inert gas but rapidly decomposes at  room temper- 
ature, particularly in solution. 

The X-ray structure analysis of 2ar1']  (Fig. 1) indicates con- 
siderable torsion of the two decks. The dihedral angle between 

Fig. 1. Crystal structure of 2 a  [ I l l .  Selected distances [A] and angles [ ' I :  C1-C? 
143.1(12), C5-C6 149.5(9), C6-C7 150.1(10); C5-C6-C7 113 7 ( 5 ) .  C4-C5-C6 
128.3(7). 

the planes of the two rings is 28.8'. considerably larger than in 
the known ferrocetiophane~.[~' The two small dihedral angles in 
the bridges (8.2(10) and 6.9(10)") indicate that the five-mem- 
bered rings are almost perfectly eclipsed. The average C-C 
bond length in the cyclopentadienyl ligands (141 pm) corre- 
sponds to that of other ferrocenophanes, whereas the average 
Fe-C distance in 2a (201 pm) is much shorter. 

In contrast to  [2]ferrocenophane, which is more Lewis basic 
than ferrocene,"21 treatment of 2 a with trifluoroacetic acid 
in dichloromethane at  -60°C did not provide a well-defined 
protonation product but rather brown-black products 
insoluble in standard solvents. 

In analogy to the syn- 
thesis of zirconocene 
dichloride" 31 the reac- 
tion of syn-6,13-bis- syn-l __ ZrCI, 

(trimethylsilyl) tricyclo - CHzCIz r:>q 
[9.3.0. 04.']-tetradeca- 
4,7,11,14-tetraene (1 b) 
with zirconium tetra- 2 b  

chloride in dichloro- 
methane at  25 "C furnished [2](1,1')[2](2,2')-zirconocenophane 
dichloride (2b) in 61 % yield as colorless needles (decomp 
> 270 "C). Compound 2 b can be obtained in analytically pure 
form by sublimation at  230 "C/10-2 mbar.'14] 

An X-ray structure analysis of 2b["] (Fig. 2) shows that the 
average Zr-C distance (249 pm) is considerably longer than 
that in the known [2]zirconocenophane dichlorides." The di- 
hedral angle between the planes of the rings (62.9") in 2 b is the 
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Fig. 2. Crystal structure of Zb [ I  11. Selected distances [A] and angles [ 1: CLC2 
140.0(7). C5-C6 15(1.6(7). C6-C7 149.0(8). Zr-CI 244.2(1): C5-C6-C7 114 l(4). C4- 
C5-C6 127 7(5), CI-Zr-CI 97.95(5). 

largest observed in these compounds. As in 2 a  the dihedral 
angles in the bridges of 2 b  (38.6(7) and 20.7(8)") indicate an 
approximately eclipsed configuration of the five-membered 
rings. 

Owing to the molecular structure of the new rigid zircono- 
cenophane 2 b, catalytic activity for the stereoselective polymer- 
ization of alkenes can be anticipated for this compound or sub- 
stituted chiral derivatives. Moreover, application of complexes 
of type 2 b appears promising for C - C  bond-forming reactions 
with metallocene derivatives from the fourth subgroup, which 
are currently of interest.[I6] as well as for the synthesis of novel 
metaIIacycIes.['6. ' '1 
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Heterodimetal -Betaine Chemistry: Catalytic 
and Stoichiometric Coupling of Alkynyl Ligands 
under the Joint Influence of Zirconium and 
Boron Centers ** 
Bodo Temme, Gerhard Erker,* Roland Frohiich, 
and Matthias Grehl 

We have recently shown that the joint influence of zirconium 
and boron centers can be used for C-H activation in (p-hydro- 
carbon)Zr- B complexes.['] Beyond this there is evidence that 
[Cp,ZrR]'/BR, ion pairs and betaines are of significance in 
homogeneous Ziegler-Natta polymerization.['. 31 We therefore 
wanted to investigate the previously poorly developed chemistry 
of Zr-B-containing heterodimetallic betaine complexes.[" It 
was found that such [{Cp,ZrR) '{(p-R)BR;}] betaine com- 
plexes (to date hardly known) form very easily and that they 
readily rearrange under carbon-carbon coupling in a way that 
is typical for this class of compounds, to form an interesting 
heterodimetal-substituted organic skeleton. In  this communica- 
tion we describe a typical example. 

Bis(propyny1)zirconocene (1) was obtained by the reaction of 
[Cp,ZrCI,] with two molar equivalents of propynyllithi~m.[~I 
The reaction of 1 with tris(pentafluoropheny1)borane in a 1 : 1 
molar ratio in toluene at  room temperature rapidly gave the 
(p-R)Zr-B betaine complex 3 in 83% yield. The ' H  and I3C 
N M R  spectra of complex 3 show resonance signals at 6 = 5.32 
and 11 6.3, respectively. for the Cp rings, as well as two singlets 
at S = 2.26, 1.04 and 29.7, 10.7, respectively, for the methyl 
groups. The I3C N M R  resonances of the p-2.4-hexadiyne lig- 
and, which is unsymmetrically coordinated to the participating 
metal centers, appear at 6 = 255.0, 108.5, and 105.0 (the B-C 
signal was not observed). 
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