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SUMMARY 

Reaction of [C5H5Fe(C0)2C2H3]i with methylamine or methoxide ion (L) 
yields the stable o-bonded carbon-iron complexes [C5H5Fe(C0)2(C2H4L)]. which 
regenerate the original iron cationic complex when treated with hydrogen chloride_ 
Reactions with other nucleophiles, such as N;, NCO-, CN- have also been examined. 
With N; the nucleophilic attack occurs at the CO group to give the cyanato complex 
[C5H,Fe(CO)(C2H4)(NCO)], while with NCO- and CN- (X) ethylene is replaced 
to give [C,H,Fe(CO),X] complexes. 

INTRODUCTION 

We recently described the reactions of cationic iron carbonyl derivatives of 
the type [C,H,Fe(CO),]+ and [C5H5Fe(CO),(CS)If with various nucleophiles, 
such as primary and secondary amines, hydra&es, methoxide, NT, NCO- and 
CN- 1.2 , and showed that with the [C,H,Fe(CO)JCS)]+ complex reaction occurs at 
the carbon of the thiocarbonyl group rather than at the carbonyl group. We now 
describe the reactions of [C,H,Fe(CO),(C,H,)]+BF; with nucleophilic agents with 
nitrogen or oxygen donor atoms. 

EXPERIMENTAL -. 

Materials 
The complex [C5H5Fe(C0)2(C2H4)]BF~3~~ was made as described previously. 

(C,H,)3CBF4 was prepared from (C6H5)3COH and fluoroboric acid5. Absolute 
methanol was refluxed with Mg(OCH,)? and distilled from it. Dichloromethane 
was dried over molecular sieves. All the other chemicals used were Reagent Grade. 

Infrared spectra were recorded on a Beckman- IR-5 A spectrophotometer 
using a polystyrene standard ; NMR spectra were recorded on a Varian DP 60 
spectrometer, with TMS as internal standard. 

1. Reactions of [C,H,Fe(CO),(C,H,)]’ with CH,O- 
A mixture of 1 g (3.4 n-moles) of [C,H,Fe(CO),(C2H4)]BF, in 50 ml of 

J. Organomerat. Chem., 25 (1970) 207-2 11 



208 L. BUSEl-IO, A. PALAZZI, R. ROS, U. BELLUCO 

anhydrous methanol was stirred for 7 h at room temperature under nitrogen in the 
presence of an excess of Na,C03. The solution was then filtered and the solvent 
removed under reduced pressure to leave a red-orange material which was dissolved 
in 20 ml of CH,Cl, and filtered. Elimination of the solvent followed by vacuum 
sublimation at 40° of the resulting red oil gave the orange-red C,H,Fe(CO),- 
(CH,CH,OCHa) in 36% yield. (Found: C, 51.8; H, 5.04. C10H,,Fe03 calcd.: 
C, 50.9; H, 5.09%.) 

The complex is air sensitive, and rapidly decomposes in solution to form 
[Q,H,Fe(CO)&. When HCl is bubbled into ether solution of [C,HSFe(CO),(CH,- 
CH,OCH,)] and NH4PF6 is added, the starting cation [C,H,Fe(CO)&HJ]+ 
is recovered as the hexafluorophosphate salt. 

2. Reactions of [C5H5Fe(C0)2(C2H4)] + with CHJVH, 
Methylamine was slowly bubbled into a stirred suspension of 0.5 g of [C,H,Fe- 

(COLGHJIBF, in 50 ml of ethyl ether saturated with nitrogen. After 20 miu the 
reaction was stopped and the solution filtered under nitrogen_ The filtrate was 
evaporated under reduced pressure leaving a brown oil. Vacuum sublimation of the 
oily compound gave an unstable solid which showed two strong terminal CO 
stretching absorptions, at 2004 and 1950 cm-‘. Because of the low stability of this 
compound satisfactory analyses were not obtained, but on treatment with hydrogen 
chloride the starting [C5H,Fe(CO),(C,H,)]+ complex was obtained_ 

3. Reaction oj’[C,H,Fe(CO),(C,H,)]+ with NY 
When a solution of 0.13 g (2 mmoles) of NaN,, dissolved in 5 ml of water, was 

added with stirring to a solution of 0.584 g (2 mmoles) of [CSH,Fe(CO),(C,H,)]BF, 
in 50 ml of acetone the mixture immediately turned from yellow to red. After 1 h of 
stirring at room temperature, the acetone was removed under water-pump vacuum, 
and 20 ml of water was added to the residue. The C,H,Fe(CO)(C,H,)(NCO) was 
extracted from the mixture with 20 ml of CHCl,. The solution was dried over calcium 
chloride and the solvent was removed under reduced pressure. The red-orange 
residue was dissolved in CH,Cl, and filtered. Chromatography of this solution on an 
alumina column, with CH,Cl, as eluent, gave a red band and a green band. The red 
band was eluted off, the volume of the solution was reduced to ca. 5 ml, and 50 ml of 
hexane was added. Red-brown crystals were Gltered off; yield 65%; m.p. 123-124°. 
(Found: C, 48.9; H, 4.21; N, 6.25 C,H9FeN0, calcd.: C, 49.7; H, 4.11; N, 6.39%.) 

4. Reactions of [C5H5Fe(C0)2(C2H4)]f with CN- and NCO- 
These compounds were prepared by general procedures as previously described 

6*7_ Thus an acetone solution (50 ml) containing 1 g (3.4 mmoles) of [C,H,Fe- 
(CO)&H,)]BF4 and a ten-fold excess of KCN or KNCO was stirred at room 
temperature for 10 h. The solvent was evaporated off under vacuum and the red 
residue was dissolved in 1Oml ofCH,CI,_ in both cases (X = CN-, NCO-) thesoIution 
was chromatographed on alumina and the red band was eluted off with CH,Cl, 
and the solution concentrated to small volume. The complexes precipitated by adding 

pentane. The yield was 65% for C5H5Fe(C0)2(CN) and 72% for CSHSFe(C0)2- 
(NCO), and the products were characterized by their infrared spectra which were 
identical with those of samples made by other method@*‘. 
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RESULTS 

It was shown recently that nucleophilic agents such as amines or methoxide 
react with [C5HSFe(C0)3] i to give aminocarbonyl or alkoxycarbonyl derivatives’-6. 
With the thiocarbonyl complex [C5H5Fe(CO)2(CS)]f the corresponding thio- 
derivatives are formed2. It has been suggested that the electrophilic character of the 
carbon of the carbonyl or thiocarbonyl groups is the driving force for these reactions. 

The complex [C,H,Fe(CO),(C2H_JJf reacts with methoxide in anhydrous 
methanol to give the a-methoxyethyl derivative [C5H5Fe(C0)2(CH2CH,0CH,)I, 
according to eqn. (1). 

co 

+CH,O- - C,H,ke-CH,CH,OCH, 

&O 

The product was identified by elemental analysis and spectroscopy. Its IR 
spectrum in CH&I, shows two strong terminal v(C0) absorptions at 2006 and 1954 
cm-’ and the proton NMR spectrum in CSz shows a singlet due to the five ring 
protons at 5.24 downfield from TMS, a tripkt at 6.49 partially superimposed on a 
sharp singlet at 6.60 due to the methyl protons of the methoxy group and a triplet 
at 8.31. This spectrum is consistent with the following formulation: 

Q-- r-& -& 
I * 2-oCH3 
co 

where the two triplets at 8.31 and 6.49 are assigned to the a and j3 methylene protons 
respectively. The o-methoxyethyl derivative can be converted into the starting 
lGH~Fe(CO)&H~I + complex by treating its ether solution with hydrogen 
chloride. No evidence for the formation of a chloro derivative of the type [CSH,Fe- 
(C0)2CH2CH2CI] was obtained. Such a product is formed in the reaction of (C,H,- 
Fe(CO),(CH20CH,)] with HC~‘S’~: 

[CSH5Fe(CO),(CH,0CH,)] +HCl - [C,H,Fe(CO)&HzCl] +CH30H 

Methylamine reacts with [C,H,Fe(CO),(C2H,J]+ according to the equation : 

+ co 

+2 NH&H3 - C,H,ke-CH,-CH,NHCH, + NH&Hz 

A0 

The IR spectrum of the product showed two strong terminal carbonyl stret- 

ching frequencies at 2004 and 1930 cm-‘. Because of the instability of the complex a 
satisfactory elemental analysis was not obtained. Treatment with hydrogen chloride 
in ether regenerated the original [CSH,Fe(CO),(C,H,)]’ complex in almost quanti- 
tative yield. 

The reaction between [C5H5Fe(C0)2(C2H4)]+ and NaN, leads to the forma- 

tion of the cyanato derivative, ~C,H,Fe(CO)(C,H,)(NCO)]. 
i 

[GHsFe(CO)2(W-L)If +NT - CSH5Fe(Cb)(C2H,)(NCO)+N2 
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The IR spectrum of the cyanato complex in CHCI, shows a carbonyl stretching 
absorption at 1943(s), and two bands due to the asymmetric’and symmetric NC0 
stretching modes at 2225 (s) and 1320 (w) cm- ‘, respectively. This reaction pre- 
sumably proceeds by a mechanism similar to that for the interaction of C5H5Fe- 
(CO): and N; 6. 

Nucleophilic agents such as CN- and NCO- displace ethylene from the 
CGH5Fe(C0)2(GH4)lf cation to form the known cyano, [C,H,Fe(CO),(CN)], 
and cyanato, [CSH5Fe(CO),(NCO)], complexes. 

CN- 

F LH5F4W2(CW +C2H4 
[WWe(C%GH4~I +- co- 

- [CsHsFe(CO)2(NCO)] + C2H4 

Although the complex [C,H5Fe(CO),(CH2CH2CN)] has been prepared by 
treating hydrido(dicarbonyl)cyclopentadienyliron [C,H,Fe(CO),H] with acrylon- 
itrile’ l, under the conditions we used there was no evidence of nucleophilic attack at 
the coordinated olefm. 

DISCUSSION 

Studies of the reactions of nucleophiles with diene complexes of Pt” and Pd” 
have shown that aliphatic amines or methoxide are very effective in attacking a 
coordinated diene”. With rc-olelinic complexes of transition metals only a few 
examples are known of nucleophilic attack on the carbon of coordinated olefms in 
which the alkyl product is sufficiently stable to be isolable13*‘4. For example, Paiaro 
et al l4 have described the preparation of stable, a-bonded carbon-platinum deriva- 
tives by treating complexes of the type cis-[PtC12(Ol)(PR3)] with amines. The 
stability of these alkyl derivatives is related to the presence of z-bonding ligands 
coordinated to the central metal l5 In the complexes we studied the x-ligands such . 
as cyclopentadienyl and carbon monoxide play the same role and favour the formation 
of the stable alkyl derivative, [C5H5Fe(CO).&,H,0CH3)]. This complex does not 
decompose to give the vinyl ether CH,=CHOCH,, whereas in the case of the reaction 
of [Pd(C,H,)Cl,]- with acetic acid vinyl acetate CH&OOCH=CH2 is formedI vin 
the unstable o-alkyl derivative [C13Pd(CH2CH20COCH~)]2-. 

The cationic complex [C,H,Fe(CO),(C,H,)]* has carbon atoms prone to 
nucleophilic attack, that of the carbonyl group and that of the n-coordin&ed olerm, 
and we think that the eleetrophilic character of the carbon of the olefm is greater 
than that of the carbonyl carbon. However [C,H,Fe(CO),(C2H4)Jf reacts with 
azide ion to form the cyanato derivative C,H,Fe(CO)(C,H,)(NCO), the formation of 
which is presumably favoured by the loss of N, and by its greater stability relative to 
the azido adduct C5H,Fe(C0)&H,N3). 
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