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SUMMARY 

MGssbauer parameters are compared with carbonyl IR stretching frequencies 
for cyclopentadienyliron derivatives. 

INTRODUCTION 

Complexes of general formula (7r-C,H,)Fe(CO)(L)R [R=alkyl or aryl group ; 
L = PPh, or P(n-Bu),] react very rapidly with sulfur dioxide to give insertion products 
having an S-sulfimato structure’. The relative rates of insertion depend on the nature 
of L, and increase in the order CO > PPh, > PBu,, which is consistent with an 
electrophilic attack of SOz on the complex 2. Similar behaviour has been also ob- 
served for the reactions of these complexes with carbon monoxide3. We have studied 
the Massbauer spectra of these complexes to provide information about the oxidation 

state of the iron atom, the symmetry of its electronic environment and, the nature of 
the chemical bonds involved4. 

EXPERIMENTAL 

The complexes were prepared by previously described methods’*3. 
A 2-mCi source of 57Co in Pt was used in a MSssbauer apparatus constructed 

in our laboratories. The velocity profile, generated by a function generator and con- 
trolled by a standard negative feedback circuit, was sinusoidal.A256-channel analyzer, 
operating in time mode and synchronized with the motion, stored the spectrum. 

The samples used as’ absorbers were prepared from microcrystalline powders 
which were pulverized and gently compressed in a polyethylene or aluminium con- 
tainer, being approximatively 10 mm thick and 12.5 mm in diameter. 

The calibration of the motion was d&term&d with the aid of the hyperfine 
structure of an iron foil enriched in the 57Fe isotope and with the standard disodium- 
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pentacyanonitrosylferrate(I1) to which shifts (mm/set) were referred. 
The spectra were recorded at room temperature, and Mossbauer parameters 

were evaluated by the least squares method to tit the experimental curves. 

RESULTS AND DISCUSSION 

The Mossbauer parameters of the complexes are summarized in Table 1, 
which also lists the CO stretching frequencies, and it will be seen that there are signi- 
ficant variationsin the set ofcompounds examined. For example, significant differences 
in the isomer shift are observed on going from the metal-carbon bonded parent com- 
plex to the CO or SO, insertion product. It appears from the results that the electron 
density on the iron nucleus for the examined complexes decreases in the sequence 
-CORzSO,R >R, and that this order is independent of the nature of the other li- 
gand coordinated to the metal. 

The CO stretching frequency for complexes (7c-C,H,)Fe(CO)(PPh,)X 
(X=CH,, COCH3, SO&i!?,) decreases in the order: SO,CH,[v(CO) 19561~ 
COCH,[v(CO) 1920]> CH,[v(CO) 190.51 which probably parallels the decrease 

TABLE I 

Complexes IS. Q.S. Y(CO), cm- ’ 

(z-CSHS)Fe(CO)&OCH, 0.27” 1.66O 2018, 1963/ 
(5c-C,HS)Fe(C0)2S0,CH3 0.29 1.68 2063,201S 

2053,2009 
(r&,H,)Fe(C0)2CH,C,H, 0.31 1.71 2008,1951* 
(sr-C,HS)Fe(CO,)SO,CH,CsH, 0.23 1.64 2060,201ob 
(n-C,H,)Fe(C0)2S0,@-FCH&HJ) 0.21 1.60 2033,199O’ 
(x-C,H,)Fe(CO)(PPh,)CH, 0.37 1.83 1905’ 
(n-C,H,)Fe(CO)(PPh,)cOCH, 0.31 1.83 192od 
(z-C,H,)Fe(CO)(PPh,)SO,CH, 0.32 1.74 1956“ 
(Tc-C,H,)Fe(CO)(PPh,)CH,C,H, 0.34 1.74 190Y 

@ From ret 5; b From ret 6; ’ From ret 3; d From ref. 1; c CHzClz solution; f From ref. 8. 
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Fig_ 1. MZissbauer absorption spectrum of (Ic-&.H,)Fe(CO),SO+CH,. 
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in the z-bonding acceptor ability of X. Although the existence of strong n-bonding 
between the RSO, group and the metal in iridium(II1) and palladium(I1) complexes 
has been questioned7, n-bonding does seem to be important in iron sulfinato car- 
bony1 complexes l. This sequence in v(C0) is not completely reflected in our M&s- 
bauer measurements which, although sensitive, do not reveal any appreciable dif- 
ference in the electronic density on the iron atom in the sulfmato- and the acyl- 
carbonyl complexes (Table 1). 

The combined IR v(C0) and Miissbauer I.S. results indicate that the c-donor 
ability of RCO is greater than that of RS02. This follows directly from the observa- 
tion that the former ligand shows a lower CO stretching frequency, indicating smaller 
M-X z-bonding, and a comparable I.S. which indicates a simiIar electron density 
at the iron nucleus. Thus the greater n-bonding ability of RSOz than of RCO parallels 
its weaker o-bonding ability. 
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