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Abstract 

Thermal decarbonylation of (n5-C,H,)Fe(CO)(PPh,)COR proceeds via the ini- 
tial formation of ($-C,H,)Fe(CO),R and PPh, as the kinetically favoured process. 
A kinetic investigation of this initial step for the title complexes exhibits a relative 
rate of phosphine loss Me,SiCH, > Me,PhSiCH, > CH, reflecting the steric bulk 
of the groups involved. 

Introduction 

There have been many papers and reviews concerning the decarbonylation of 
transition metal acyl complexes [2-41. The most common techniques for achieving 
decarbonylations are thermal and photochemical. 

Decarbonylation of the type of complex [($-C,HS)Fe(CO)(L)COR] has been 
particularly well studied because, inter alia, it is an excellent system for studying the 
stereochemistry of the process at the metal centre, either with optically active 
complexes or with a known mixture of diastereoisomerically related isomers. Indeed 
Wojcicki [5], Brunner [6], and Davison [7] have studied the system from this 
standpoint and shown that whereas the photochemical decarbonylation proceeds 

* For part XV see ref. 1. 
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with > 85% inversion of configuration at the Fe atom. the thermal reaction 
proceeds with essential racemization. 

Thus, in the photochemical process, Loss of CO produces a trigonal intermediate 
with stereochemical integrity, while this IS not true for the thermal process. 

We long ago reported ior the ftrst time that this was dub to the fact that the 
thermal reaction. by contrast to the photochemical reactic>n, proceeds initialI> viii 
the loss of the phosphine Iigand to produce ( qi-C,H5)Fe(~C’C)), R \+itl-r immediate 
loss of optical activity. and it is this dicarhonyi species that reacts again fvitlr I’Ph : 
to ultimately form the Observed and isolated tlei.a~.!,on~l,lred ~9rotluc~ ! 'I'-- 

C,H, )Fe(CO)(PPh j)K [KY]. This loss of phosphine vva~ iater ~hctv~n 10 ~nvofve an 
intramolecular substitution of the ligand by the aw!; 1 gli>Up uirh Gereo\pecific 
formation of an If’-acetyl intermediate vi:hich may be trapped by other i~gand t.‘. ()I- 
rearrange to the dicar,bonvl complex as ae had reported 1 l(ij” 

Experimental 

The starting acyl complexes were synthesized using published techniyues 1 1 1 ,l?]. 

Thermal decarbonylations were studied using 1 Q solutions in refluxing 2.2,4-tri- 
methylpentane, b.p. 98 o c’, monitoring the reactions directly via infrared spec- 
troscopy. A typical sequence of infrared spectra obtained crver a 54 h time period IS 
presented in Fig. 1. while a seyuence over the first IO--20 mm is presented tn Fig. 2. 
The concentrations ill these two examples are not equivalent. thus an? ~omp;ur?ton 
of the relative amounts of reactants and products in the tw~j reactions 15 inap- 
propriate From the kinetic data collected over the initial stages c>f the rc‘a~‘rron~ MC 
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Fig. 2. Initial appearance of (C,H,)Fe(C0)2R upon thermal treatment of (C,H,)Fe(CO)(PPh,)COR. 
(a) t 1 min. (b) 6 min, (c) 10 min, (d) 14 min, (e) 19 min. 

have obtained the first order rate constants for the appearance of ($- 
C,H,)Fe(CO),R via loss of phosphine from the three complexes studied. 

Results and discussion 

The initial report on the thermal decarbonylation of ($-C,H5)Fe(CO)- 
(PPh,)COCH, noted that traces of ($-C,H,)Fe(CO),CH, were obtained along 
with the major product ($-C5H,)Fe(CO)(PPh,)CH, [ll]. Monitoring of the reac- 
tion as noted in Figs. 1 and 2 clearly demonstrates that the reaction does not 
proceed directly but via the dicarbonyl complex, which reacts with the phosphine in 
such a non-polar solvent to form the product. If the reaction is stopped a.t such a 
time when maximum amounts of the dicarbonyl complex are observed by infrared 
monitoring we have been able to recover up to 30% of the dicarbonyl complex [9]. 

The kinetically controlling step in the thermal decarbonylation is thus the initial 
loss of PPh, to form ($-C,H,)Fe(CO),R via ($-C,H5)Fe(CO)(n2-acyl), thus 
demonstrating that racemization of optically active starting acyl complexes during 
the decarbonylation is not related to the methyl migration process. 

The results of the kinetic investigation into the loss of PPh,, as measured by the 
initial appearance of the dicarbonyl complexes (up to 6% conversion), exhibit 
distinct rate variations between the methyl and silylmethyl complexes. Thus, the 
first order rate constants for the appearance of (q’-C,H,)Fe(CO),R are, R = CH,, 
k 4.2 x 10e4 mm’; R= CH,SiMe,, k 1.8 X lop3 mm’; R = CH,SiMe,Ph, k 
1.4 x lop3 rnin-‘. The two silylacetyl ligands expel the phosphine ligand more 
rapidly than the simple unsubstituted acetyl ligand. The extinction coefficients of 
the carbonyl bands in the dicarbonyl are greater than those of the related mono- 
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carbonyls, and hence attempts to measure the rate of loss of the starting acyi 
complex via monitoring the reduction of the single CO band was impractical for the 
purposes of obtaining accurate rate data. Several studies have shown that the steric 
bulk of phosphine ligands contribute significantI>- to the rate of tiecarhonylation 
[3,4.13]. i.e. greater steric bulk at the metal centre enhances expulsion reactions. It 
seems reasonable that the greater steric bulk of the silylacrt_~.l groups 1,4 thus 
responsible for the rate enhancement observed in this stud!. The small hut repro- 
ducible difference in rate between the trimeth~lsilyl- and d~merh~iphen~lxilvl-acetlvl 
groups may also be interpreted in this manner. 

It is of interest that our attempts to decarbonylate the extremely hulk? t-butyl 
complex ( 775-C5H5)Fe(CO)(I’Ph?)COBu’ uniformly failed [ 141. In such experiments 
only decomposition of the complex was observed. It scrma that the C‘ORu’ group ix 
too bulky to undertake the intramolecular phosphine displacement reaction to form 
the v’-acyl species. It appears that optimum si7e may bc impc~tzlrlt in cc>ntrolling 
the rate of these decarbonylations. 

The significance of the facile loss of PPh i from acyl phosphine complexes may be 
further exemplified by a recent report concerning the catalyGs by PPh_< of the (T-V 
transformation, ($-C, H5 )Mo(CO),R, (Ii = cl/clopropylmethvI) -f i q’-C‘,H ‘I )Mo- 
(CO),($-allyl). In the absence of phosphinz the thermal o :7 transfortnatioc does 

not occur due to the higher energy requirement for CO i0s.s c~>mpsred to PPh ; loss 
from a transient intermediate phosphino acyl complex 1151. 
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