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synthesis12 and point the way for further development using other 
asymmetric, nontrigonal carbon nucleophiles.13 Results of further 
studies will be described in due course. 
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Until now triple- and tetra-decker sandwich complexes have 
only been prepared with five-1 or eight-membered2 carbocyclic 
or heterocyclic3 groups or group 5 element rings (P3, As3,

4 or As5
5) 

as the bridging ligands. Considering that many examples of 
mononuclear complexes with ??6-bound arenes are known,6 it is 
indeed surprising that no reports of multiple deckers containing 
bridging arenes have yet appeared in the literature. 

We wish to report the preparation and characterization of the 
first examples of arene-bridged, binuclear transition-metal com
pounds with triple-decker sandwich structures. In these novel 
complexes, two (cyclopentadienyl)vanadium moieties are linked 
by benzene, toluene, «-propylbenzene, or mesitylene. They are 
formally unsaturated 26-electron complexes, and as such violate 
the "30- and 34-electron rule" put forward by Hoffmann et al. 
for triple-decker sandwiches.7 The parent complex 1, with benzene 
as the central fragment, was prepared by reaction of CpV(C3H5)2
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Figure 1. 1 crystallizes in the monoclinic space group P2,/n with Z = 
2 and cell dimensions a = 6.068 (1) A, b = 7.928 (1) A, c = 13.821 (1) 
A, 0 = 96.94 (I)0; center of inversion at the midpoint of the central 
benzene ring. R 0.051 (Rw 0.074) for 114 parameters and 2129 reflec
tions (X 0.71069, 0^ 30°) of which 1946 were considered observed (2a). 

with an excess of 1,3-cyclohexadiene in refluxing w-heptane (eq 
1). 

2 CpV(C3H5J2
 1 ' 3 ' C « H s » ( C p V ) J u I q 6 - C 6 H 6 ) ] (1 ) 

n-heptane, 
10O C 1 (green/blue crystals, 

M* = 310 ) 

Compound 1 was obtained in about 50% yield.9 Hydrogen, 
propene, cyclohexene, 1,5-hexadiene, benzene, and n-propyl-
benzene are other products of the reaction. Two further orga-
novanadium species were also isolated from the reaction mixture. 
They were identified by mass spectrometry as the w-propylbenzene 
analogue of 1, (CpV)2C6H5Pr (3), and the mononuclear complex 
CpV(C6H5Pr) (5). An attempt to isolate the parent compound, 
CpV(C6H6), from the reaction mixture of CpVCl3, C3H7MgCl, 
and 1,3-cyclohexadiene has been unsuccessful.10 

It is interesting to note that 1 readily undergoes arene exchange 
reactions with retention of the triple-decker sandwich structure. 
Thus 1 may be converted to the toluene or mesitylene analogues, 
2 or 4, respectively, according to eq 2.11 In contrast to 1, both 

Toluene , 110SC . , , r fi , -, 
I — »- ( C p V ) 2 [ U - ( ^ - C 6 H 5 M e ) ] • C6H6 

2 (green needles ,M* = 324 ) 

I Mesitylene. H O ^ ( C p v ) ; [ , ,<„* C6H3Me3 ) ] • C6H6 

4(green needles, M*=352 ) 

of these new triple-deckers are highly soluble in ethers, aliphatic 
and aromatic hydrocarbon solvents. 

Complexes 1-4 have been characterized by mass spectrometry. 
Parent ions were observed in all cases. In addition, satisfactory 
elemental analyses have been obtained for 1, 2, and 4. 
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V>X13 

Figure 2. 4 crystallizes in the monoclinic space group P2\/a, Z = 4. Cell 
dimensions are a = 9.990 (2) A, b = 16.032 (3) A, c = 10.811 (1) A, 
/3 = 92.81 (I)0; R 0.045 (R„ 0.050) for 256 parameters and 3906 (2306 
observed) reflections. 

Compounds 1 and 4 have been investigated by X-ray crys
tallography methods. As is evident from Figures 1 and 2, all cyclic 
fragments within both compounds are planar and essentially 
parallel to each other. 

The intermetal distance V-V is slightly smaller in 4 (3.381 (1) 
A) than in 1 (3.403 (1) A, benzene-V distance 1.702 A), indi
cating that additional electron density, supplied by the methyl 
groups of the mesitylene ring, may be released into a bonding 
orbital of the system. The smaller Cp-V distances in 4 (av 1.913 
A (1, 1.922 A)) are in accordance with this explanation. The two 
Cp rings in each compound are in staggered conformation relative 
to one another. Whereas in 1 V-C distances to the benzene ring 
(C-Cav 1.443 (5) A 4, 1.439 (8) A) are approximately equal and 
average to 2.233 (2) A, corresponding distances in 4 range from 
2.193 (3) A to 2.246 (4) A, the shortest distance being to one of 
the unsubstituted carbon atoms of the ring. Both vanadium atoms 
in 4 tend toward the same carbon atom, C5, and as a result the 
whole molecule is slightly distorted so that the interplanar angle 
between both independent Cp rings is 174.4°. 

Preliminary results of a detailed investigation of the electronic 
deformation density in 1 by X-X and X-N methods indicate 
approximately octahedral distribution of electron density about 
the vanadium atoms. 

Reaction of 1 or 4 with allylchloride, dichloroethane, or iodine, 
quantitatively liberates the arene ligand (followed by GC analyses) 
and affords the respective organovanadium halides 6-8 (eq 3). 

2 C3H5Cl ^ 2 [ C p V ( C 3 H 5 ) C I ( T H F ) ] 
-Arene 

6 ( red c r y s t a l s , 56'/. )12 

1 or 4 

(THF) 

CICH2CH2CI r „ , , ,T 
2—•- 2 [ C p V C I ( T H F ) ] • C2H4 (3) 

-Arene 1: 

7 ( red / mauve c r y s t a l s , 48°/» ) 

2 [ C p V I ( T H F ) ] 

8 (v io le t c r y s t a l s ,65°/. )8 

Further treatment of the vanadium(II) halide 8 with iodine led 
to monomeric 9 (cryoscopy in benzene: found 448, calcd 442). 
By analogy, complex 5 was also characterized chemically by 
reaction with iodine (eq 4). 

[CpV(C 6 H 5 Pr ) ] 

5 

[ C p V I j ( T H F ) ] * C6H5Pr (4) 

9 (dk. red c r y s t a l s . 52 - / . ) 

In contrast to the known species (CpVClPR3)2 and CpVCl2-
(PR3)2,

13 compounds 6 to 9 are phosphine free and represent useful 
precursors for the preparation of further (monocyclo-
pentadienyl)vanadium organyls. Treatment of 7 with LiCpMe for 
example leads to the new mixed metallocene CpCpMeV (10) in 
high yield (eq 5).14 

[ C p V C l - T H F ] • L I C p M e T H F » C p C p M e V * LiCI (5 ) 

10 (red c rys ta l s , M*= 251 ) 
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Herein we report the synthesis, molecular structure, and 
chemical properties of (CpVH)2C6H6 (1) (Cp = Jj-C5H5). 1 is 
the first example of a binuclear metal complex that has two metal 
centers bonded to one face of a ?i6-bonded C6H6 ring. 

Bridging C„H„-ring ligands coordinated to metal-metal-bonded 
M2 units are known for n = 5, 6, 7, or 8,1 but in the only reported 
examples for n = 6, viz., Pd2(Al2Cl7)2(C6H6)2 and Pd2(AlCl4)2-
(C6H6)2,2 the benzene rings are bound as conjugated dienes 
(ri4-bonded benzene). The seven- or eight-membered carbocycles 
have, in addition, been observed to bridge three metal centers as 
in [Ru3(CO)6(M3-SBu+)(M3-(^-C7H7)I]3 or [Ni3(CO)3-
(CF3C2CF3)JM3-(^-C8H8)!].4 

As an extension of our work on the reductive elimination of 
Cp ligands from metallocenes using alkali metals,5,6 we have 
succeeded in isolating the novel K[Cp2V],6 a 1:1 adduct between 
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