
COMMUNICATIONS 

solution. As a result, a Ni3,C:- molecular ion, which is identical 
to the Cr,,C, building unit of the Cr,,C, carbide,17* 13] has now 
been stabilized in a shell of 36 carbonyl ligands. The isolation 
and characterization of 3 aI5a substantiates the linear combina- 
tion of Guassian type orbitals-local density functional (LCG- 
TO-LDF) study previously carried out on a [Ni,,C,(CO),J~ 
model compound."61 

The space-filling model in Figure 2 illustrates an interesting 
feature of 3: the structure shows eight distorted hexagonal cup- 
shaped hollows formed by consecutive concentric rings of oxy- 

Fig. 2. Space-filling model of 3 illustrating one of the eight cup-shaped hollows. 

gen, carbon, and nickel atoms, and ending with an unique nickel 
atom belonging to the inner cube. We are currently investigating 
the possibility of placing sterically less demanding molecules in 
these cup-shaped hollows, as well as the potential use of 3 as a 
molecular precursor for the preparation of the unknown Ni,,C, 
alloy. 

Experimental Procedure 
A solution of[PPh,Me],-Z (350 mg, 0.067 mmol) in acetonitrile (20 mL) was stirred 
under a CO atmosphere for 15 min and then evaporated under vacuum to dryness. 
The residue was dissolved in acetonitrile (20 mL) and stirred under a CO atmo- 
sphere for 10 min and then dried under vacuum. The resulting dark brown residue 
was extracted with acetonitrile (20 mL) and filtered. Precipitation by layering the 
extract with diisopropyl ether (40 mL) gave black crystals of [PPh,Me],[Ni,,- 
C,(CO),,].4 MeCN (210 mg, 0.043 mmol). The salt is soluble in acetone, acetoni- 
trile, and dimethyl sulfoxide, insoluble in THF, alcohols, and nonpolar solvents (vco 
in MeCN at 1889 cm- I) .  Elemental analysis for [PPh,Me]6[Ni,,C,(CO)36]- 
4 MeCN: calcd C 41.08. H 2.50, N 1.17; found C 40.86, H 2.41, N 1.14. 
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The role of aluminum reagents as Lewis acids and as activa- 
tors for olefin polymerization catalysts is well documented.['] 
Very little is known, however, about the chemistry of cationic 
organoaluminum compounds [AlR,]+ for which very high 
Lewis acidity can be expected. Some donor-stablized cationic 
complexes such as [AIMe,(crown)]+, [ (EtAl),(diazacrown)]' +, 
and [A]{ C(SiMe,),py},]+ have been structurally character- 
ized,['. 31 and recently Schnockel et al. reported the formation of 
the decamethylaluminocenium cation [AICp:]+ by the dispro- 
portionation of [AICp*], in the presence of AlCI, (Cp* = 

C,Me,) .I4] The reactivity of such cationic organoaluminum 
complexes has to our knowledge not been explored. We report 
here the synthesis of the unsubstituted aluminocenium cation, 
[AlCp,]+, (Cp = C,H,) and its reactivity as an initiator for 
cationic polymerizations. 
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The reaction of [AICp,Me] (1)15] with B(C,F,), (2) in 
dichloromethane at low temperature, followed by evaporation 
of the solvent affords the white microcrystalline solid 3 
[Eq. (a)].'61 Compound 3 is sparingly soluble in warm benzene 

3 

or toluene but dissolves rapidly in cold dichloromethane. Over 
the temperature range from - 80 to - 20 "C, solutions of 3 in 
CD,CI, show two singlets in the 'H N M R  spectrum at 6 = 7.05 
and 0.55. consistent with the formation of the solvated ion pair 
[A1Cp2]+[MeB(C,F,),]-. These solutions decompose rapidly 
on warming them to 2 0 T .  The N M R  spectrum recorded 
at -6O'C for the reaction of 1 with 2 shows that the broad 
signal for 1 at Ci = 72.7 (half-width ca. 250 Hz) is replaced by a 
new sharp peak at 6 = - 126.4 (half-width 30 Hz). This value is 
in excellent agreement with the calculated chemical shift for the 
[A1(q5-Cp),]+ ion ( b  = - 130.0).[41 

I : 1 mixtures of 1 and 2 in [DJtoluene at  20°C show very 
simiiar ' H  and 27Al NMR spectra. The limited solubility of the 
reaction product in toluene leads to the formation of two phases 
on cooling. Although the formation of the methyl-bridged iso- 
mer [Cp,AI(p-Me)B(C,F,),I might reasonably be expected in 
less polar solvents, conclusive evidence for this was not found. 

Even in the solid state 3 is highly air- and moisture-sensitive. 
Unfortunately crystals suitable for X-ray diffraction could not 
be obtained. Although 1 has been shown to contain q2-coordi- 
nated Cp rings in the crystal and is highly fluxional in solution, 
the [AICp,]' ion most likely possesses a metallocene-type struc- 
ture with q5-bound Cp hgdnds. This assumption is supported by 
the structure of [Al(q5-Cp*),]+, the close agreement of the ob- 
served "A1 chemical shift with the one calculated assuming a 
D,, symmetry. the narrow half-width of the signal, which 
is typical for a highly symmetric ligand environment for Al, as 
well as the sandwich structures of the isoelectronic magne- 
siocene [MgCp,] and related Group 2 cyclopentadienyl com- 
p l e x e ~ . ' ~ ]  An increase in hapticity from q1 to q 5  on forming a 
more Lewis acidic cationic metal center from a neutral cyclopen- 
tadienyl complex is also a common feature of boron cyclopenta- 
dienyl 

Starting point for the synthesis of [AICp,J+ was the search for 
highly Lewis acidic compounds as initiators for carbocdtionic 
polymerizations. Compound 3 is indeed a highly active initiator 
for the polymerization of isobutene and isobutene-isoprene co- 
polymerizations [Eq. (b)]. Such copolymerizations to butyl rub- 

ber are carried out on an industrial scale by using a heteroge- 
neous initiator based on AIC1, in chloromethane at between 
-95 and - 100 .C.r9,101 The need to recycle large amounts of 
chlorinated solvents and the high energy requirements of such a 
low-temperature process make cleaner. less energy intensive al- 

ternatives that can be operated at  higher temperatures highly 
desirable. 

The activity of 3 as an initiator for the polymerization of 
isobutene has been studied over a temperature range of - 78 "C 
to -25 "C. The reactions proceed in dichloromethane as well as 
in saturated hydrocarbons. Neither 1 nor 2 on their own was 
found to polymerize isobutene." I f  Whereas an excess of 2 over 
1 has no effect on polymer yield or molecular weight, an excess 
of 1 over 2 retards the polymerization. The results for isobutene 
homopolymerizations are given in Table I .  As expected for car- 
bocationic polymerizations, the polymer molecular weights in- 
crease with decreasing temperature, from M ,  = 3 x lo5 at  
- 30 T to 1.8 x 10, a t  - 70 "C. with narrow polydispersities."'] 

Table I .  lsobutene homopotymerizations initiated with 3 [a] 

Entry I 2 7 I Yield AI,% M,:M. 
IwolI b o l l  I Cl b i n 1  191 X l 0 - J  

~ [ C I  38 38 -78 i n  0.28 1340 3.0 
3 50 50 -70 10 0.30 1x00 2.8 
4 ion 50 -70 i n  0.02 x x  3.4 

1 [b] 40 40 -78 10 063 731 3.0 

5 50 50 -50 in  0 1 8  618 1.0 
h so 50 -30 i n  0.08 318 1 8  
7 50 ion -30 in 0.03 337 1.8 
8 50 50 -75 i n  0.05 1x9 1.6 

[a] For reaction conditions see Experimental Procedure Entries 3 - 8: Polyineriza- 
tions were carried out in the presence of 1.5 inL dichloroniethaiie [b] Solvent- 
toluene (1.5 mL).  [c] Solvent methylcyclohexane (1 5 mL) .  

Compound 3 also initiates the copolymerization of isobutene 
with 2-5 vol% of isoprene, at typical reaction temperatures of 
- 78 to - 50 "C. For  example, the reaction with 5 YO isoprene at 
- 70 "C gave a polymer with M ,  =7.8 x lo5  and M J M ,  = 3.3. 
The polymer contained about 2.7% isoprene units with a 1.4- 
truns structure; there was no evidence for 1,4-cis or 1.2-incorpo- 
ration within N M R  detection limits." Similar reactions with 
2 vol % isoprene at - 50 "C gave copolymers with M ,  = 2 x lo5. 

It is likely that the relatively high molecular weights obtained 
in these reactions are not least due to the weakly basic nature of 
the counteranion used in this system. Isobutene homo- and co- 
polymerizations are usually carried out with a mixture of a 
Lewis acidic metal halide MX, and an alkyl halide RX capable 
of generating a carbocation, resulting in the formation of 
R+[MX,+ J. Self-ionization of the Lewis acid to [MX,- 
[MX,, ,]- has also been suggested, although there is so far no 
direct evidence for species such as [A1X2] + in polymerization 
 system^.^'^] Complex halide anions [MX,. I ] -  possess rather 
limited stability and are prone to loss of X -  ions, which may 
lead to halide incorporation into the polymer and may asslst 
deprotonation and chain transfer. In the present case we make 
use of the stability and very low basicity of perfluoro- 
phenylborates to generate a well-defined polymerization initia- 
tor system free of halide l,] 

Erperimenrul Procedure 
All reactions were carried out under strictly dry and anaerobic conditlons. N M R  
spectra were measured on JEOL EX270 and Bruker DPX300 spectrometers (refer- 
ence: tetramethylsilane: 'H  and " C .  [AI(H20)J3 - ' "Al). lsobutene was dried 
over EI,AIOC,H,,+ and recondensed: isoprene was dried over calcium hydride and 
distilled from sodium prior to use. 
3: To a solution of l(400 mg. 2.3 mmol) in dichloromethane ( I  0 m L )  at  - 78 C was 
added 2 (1.2 g. 7.3 mmol). The mixture was stirred for 15 min. and the solutlon 
allowed to warm to 0 C whilst the solvenr was removed in wcuo. The off-white 
solid residue wds washed with light petroleum and dried to gibe 3 (1.6 g. 2.3 nimol, 
99%) Elementalanalysis. Found:C50.13.H 190.F41 2%;cnlc.:C50.87.H 1.90. 



COMMUNICATIONS 
F41.6%; 'HNMR(CD,CI,, -6O'C) :d=0.55(~ ,3H,Me-B) ,7 .05(s , lOH,Cp) ;  
I3C NMR (CD,CI,. -20°C): 6 = I 0 3  (s. br. Me-B). 114.5 (s, Cp); "AI NMR 
(CD,CI,, -2O'C): 6 = - 126.35; ([D,]toluene. 20°C): 6 = - 128.3 (half-width ca. 
30 Hz). 
(Co-)Polymerizations were carried out in an all-glass reactor, which was flame-dried 
in vacuo. Isobutene (10 mL) was condensed into the reaction vessel and magnetical- 
ly stirred at 1000 rpm lo allow it to equilibrate at the appropriate temperature. This 
was followed by injection of 2 (50 pmol) in 1 mL of solvent (cf. Fable 1 ) .  The 
mixture was stirred for 1 min before 1 (50 pmol) in 0.5 mL solvent were injected. 
Polymerization took place instantaneously. The polymerization was terminated by 
injecting 0.5 mL methanol. and the polymer precipitated by the addition of further 
methanol. The product was filtered and drled in an oven at 60'C. For copolymer- 
izations the condensation of isobutene was followed by an injection of 2-5 vol% 
isoprene. 
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The phosphanylidene-04-phosphorane A was reported by 
Burg and Mahler in 1961 .I1' It was the first example of a two-co- 
ordinate phosphorus atom in a neutral molecule, but more im- 
portantly, this compound opened the way to a variety of new 
types of P-P bonding beyond the classical ones (B-D) accepted 

Me\ .. Me,+ :. 
Me-P=P-CF, c) Me-P--P-CF, / \.. .J \\I .J 

/p-p\ /p-p\ 
M e  / M e  

A 

Me-P: -E-CF, 
Me, 
/ M e  

B C 

\ I I  I I /  
/p-p\ 

D 

at that time.[21 Among other resonance forms, A can be regarded 
as a phosphane complex of a phosphinidene (phosphanediyl) 
unit.[31 Since phosphinidene units feature a phosphorus atom 
with the lowest possible coordination number, it is surprising 
that they have not been used more frequently to prepare phos- 
phorus derivatives with much higher coordination Very 
recently, we reported the synthesis of the 1 04,202-diphosphete 
lJ5I a cyclic phosphanylidene-04-phosphorane, and herein we 
report the conversion of the low-coordinate phosphorus center 
of 1 into a succession of higher coordinate phosphorus centers; 
the P-P interaction and the cyclic structure is retained through- 
out this series. 

One of the rare examples of reactivity known for derivatives 
of type A is m e t h y l a t i ~ n . [ ~ , ~ ~  Thus, heterocycle 1 was treated 
with methyl triflate, which lad to the cationic 1 04,203-dipho- 
sphete 2 in 95% yield (Scheme 1); selective spectroscopic data 
are given in Table 1. The cyclic structure is supported by the 
high-field shift of the 31P NMR resonance of the PMe unit 
(6 = + 54.9), the small 2J(PNCH) coupling constants (5.2 and 
4.8 Hz) typical of a diisopropylamino-substituted 04-phospho- 
rus atom,['] and by the multiplicity of the 'H (6 =1.84, dd, 
J(P,H) =19.1 and 4.9 Hz) and 13C NMR (6 =11.26, dd, 
J(P,C) = 42.0 and 8.5 Hz) signals of the P-methyl group. 
Note the relatively small value of J(P,P) (107.4 Hz), which 
results from superimposition of the ' J  and 3J coupling con- 
stants. 
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