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Summary 

The complex t-Bu($-C,H,)Fe(CO), has been treated with triphenylphosphine 
in refluxing THF to produce t-BuCO($-C,H5)Fe(CO)(PPh,). The large steric bulk 
of the t-butyl group suggests that this reaction should be faster than the reaction 
involving the methyl group, and a kinetic investigation illustrates this to be the case. 
The same steric bulk predicts that the reaction with SO, should be slow, and indeed 
we have been unable to effect the related SO, insertion reaction. Attempts to 
prepare the corresponding t-Bu(n5-C,H5)W(C0)3 led to formation of the related 
isobutyl complex. 

Introduction 

The complex, t-BuFp (Fp = ($-C,H,)Fe(CO),) was reported by Rosenblum et 
al. as the first, and subsequently only, example of a t-butyl derivative of a transition 
metal carbonyl [l]. It is the object of this article to comment upon the reactions of 
the complex with triphenylphosphine and SO,, both reagents that ,lead to facile 
“insertion” reactions with other alkyl derivatives of the Fp system. We have also 
attempted to make the related complex t-Bu($-C,H,)W(CO),. 

Experimental 

The complex t-BuFp was prepared using the general procedure outlined by 
Giering and Rosenblum with minor modification. In the published procedure, 
treatment of isobutenyl-Fp with HBF, in acetic anhydride produced the salt 
[(CH,),C=CH,(~s-C,H,)Fe(CO),]+ BF, _. Subsequent treatment of this salt with 
NaBH, yielded the desired t-butyl complex. We find that the formation of the salt 
is better performed in diethyl ether at -78°C. The salt begins to precipitate out 
immediately the HBF, is added dropwise and filtration yields a pure, easily 
obtained product. With acetic anhydride as solvent, the precipitation process was 
not smooth, and a sticky product was generally obtained. 
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Reactions with SO2 
The reaction of the complex t-BuFp with SO, was performed by dissolving 0.5 g 

of the complex in approximately 20 ml of sulphur dioxide, and permitting the liquid 
to evaporate gradually under an atmosphere of dinitrogen. The resulting oil was 
purified by column chromatography, and shown to be exclusively unreacted starting 
material. 

Results and discussion 

It is apparent that the title complex reacts in two distinct fashions with the 
typical insertion reaction type ligands triphenylphosphine and sulphur dioxide. 
With the former, a rapid reaction occurs leading to the expected acyl complex 
t-BuCO( $-CSH,)Fe(CO)(PPh, f. A kinetic analysis of this reaction showed that the 
reaction was zero order in triphenylphosphine, over the concentration range of 
phosphine used, and first order with respect to the Fp complex. Such a result is in 
keeping with the kinetic investigation of the insertion reaction between triphenyl- 
phosphine and the CH,Fp complex [2,3]. The reaction of the t-butyl complex is 
some 2 orders of magnitude faster than the methyl derivative, reflecting the greater 
steric bulk of the alkyl group, consistent with previous studies on the series MeFp, 
EtFp, and PrFp [3,5]. Comparison of the activation parameters is difficult since the 
other reported reactions used either a different phosphine or solvent. However, the 
enthalpy of activation is on the low end of a range reported in a comprehensive 
study on such insertion reactions with varying alkyIFp complexes, i.e. our value of 
97.0 kJ mall’ compared to a range from 94.6 to 115.1 kJ mol-r [5]. It was further 
claimed that variations of solvent and phosphine may not be particularly important. 
A current review of the carbonylation reactions has recently appeared [6]. 

Attempts to decarbonylate the new acyl complex were uniformly unsuccessful. 
Both thermal and photochemical treatment led to the formation of Fp, as moni- 
tored by infrared spectroscopy. In a related reaction involving photoche~cal 
treatment of t-BuFp in the presence of the phosphine, only formation of Fp, was 
noted. 

Attempts to perform an SO, insertion reaction with the t-butyl complex were 
uniformly unsuccessful over the short term reaction times, 2-4 h, that we employed. 
No reaction took place, under conditions that lead to high yield insertion reactions 
with the related methyl complex. It has been previously reported that the t-butyl 
complex reacts to 10% completion after 30 h reaction time 141. Mechanistic investi- 
gations into the insertion of SO, into alkylFp complexes have shown the mechanism 
to involve an S,2 nucleophilic attack by SO, at the carbon atom attached to the 
iron atom. In keeping with S,2 reactions, increasing steric bulk around this carbon 
atom retard the rate of reaction. In the case of the t-butyl group this is so marked as 
to effectively prevent short term chemical reactivity. 

In summary (Scheme l), we have shown that the reactivity of the t-butyl group is 
characteristic of its large steric requirement. Migration from Fe to a carbonyl ligand 
which involves release of steric strain at the metal atom is enhanced, whereas 
insertion of SO, which involves a very crowded transition state is not readily 
observed. 

Attempts to synthesize the related t-butyltungsten complex were unsuccessful, 
and only the isobutyl complex, (CH,),CHCH,(@‘-C,H-[,)W(CO), was formed. The 
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