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Abstvact 

The ferrocenylalane (7-CsH5)Fe(q-CsH4A1&Te4C1) has been synthesized and 
characterized by means of X-ray diffraction, nuclear magnetic resonance, and mass 
spectral studies. The structural implications of these studies are discussed. 

Although ferrocenyl? chemistry is now in general a well developed area, com- 
pounds containing the Group I11 elements are notably lacking. Only a small number 
of ferrocenylboranes have been and ferrocenylalanes have been entirely 
absent. This is rather surprising in view of the number of ways the aluminium atom is 
suspected of being able to interact with the cyclopentadienyl g r o ~ p . ~ , ~  

Of the several documented methods7 of preparing organoaluminum compounds, 
the one chosen for this study was the interaction of the organomercury halide with 
trimethylaluminum : 

toluene FcHgC1 + 2A1Me3 -+ FcAI,Me4C1 + HgMe, 

The reaction began immediately and produced a dark green solution. Heating at 60°C 
for several hours gave a deep red solution from which the red, air-sensitive crystals of 
FcAl2Me4CI were obtained, m.p. 108-109°C (Found: Fe, 17.0; CI, 10.5; Al, 15.8; 
C, 50.1; H, 6.5. FcA12Me4C1 requires Fe, 16.7; CI, 10.6; Al, 16.1; C, 50.3; 
H, 6.3%). Crystal data: orthorhombic, space group Pna2, or Pnma, a = 9.03(1), 
b = 11.88(1), c = l5.36(1) = 1 . 3 6 g ~ m - ~ f o r Z  = 4. 

The n.m.r. spectrum of FcAI,Me4C1 in toluene at 30°C shows three resonances 
at 4.53 (4), 4.05 ( 9 ,  -0.13 (12) p.p.m. The downfield peak is a singlet arising from 
the C,H4- group, the peak at 4.05 p.p.m. is a sharp singlet arising from the C5H5 
ring, and the upfield resonance is a broad doublet from the methyl protons. Thus, 
at room temperature the C5H4- ring exhibits some type of fluxional behavior, while 
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the methyl groups on the aluminium atoms are undergoing slow exchange. At - 40°C, 
the C5H4- proton resonance is split into essentially two peaks separated by 0.05 p.p.m., 
and the methyl proton resonance is now likewise two peaks (0.05 and -0.31 p.p.m.) 
with area ratio 1 : 1. The C5H5 resonance remains a sharp singlet. 

TABLE 1 
COMPARISON OF METHYL PROTON CHEMICAL SHIFTS FOR BOTH BRIDGING AND TERMINAL METHYL GROUPS 

In toluene solution; 6 to low field of tetramethylsilane, negative sign indicates a shift to high field 

Compound 
Chemical shift (p.p.m.) 

Ref. 1 Compound Chemical shift (p.p.m.) 
Bridge Terminal Bridge Terminal Ref. 

The structural implications of the n.m.r. behavior can be demonstrated with the 
aid of the data in Table 1. One intriguing explanation of the methyl portion of the 
spectrum can be found in terms of a system with electron deficient methyl bridges (A). 

FcAl2Me,CI + 0.05 -0.31 
[AlMe312 +0.07 -0.50 a 

AlZMe5NPh2 + 0.59 -0.36 
Be[A1Me412 -0.37 -0.62 " 

While this nicely accounts for the low-temperature n.m.r. spectrum, it seems more 
likely that the chloride ion would participate in the bridge. A structure such as (B) 
could be envisioned, but the solution behavior would then demand that an intra- 
molecular exchange process make the two methyl groups attached to the Fc-A1 unit 
equivalent at the temperatures examined. A single-crystal X-ray structural investi- 
gation now in progress should upon completion aid in the interpretation of the solution 
studies. 

Attempted sublimation of FcA12Me4C1 yields ferrocene as the only identifiable 
product. The apparent non-volatility of the ferrocenylalane parent is also borne out by 
a mass spectral investigation. At 30 eV ionizing energy, the three major fragments 
correspond almost exactly to those reported8 for ferrocene: 186, (C5H5),Fef; 
121, C5H,Fef; 56, Fe'. The next largest peak, comparable in size to that of Fe', 
is 57, Me,Alf. 

Et3N.AlMe3 - -0.35 
Et20.A1Me3 - -0.35 
C5H5N.AIMe3 - -0.24 
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