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MICHAEL-TYPE ADDITIONS TO α,β-ENOYLIRON (CYCLOPENTADIENYL) DICARBONYL COMPLEXES

AND ITS APPLICATION TO β-LACTAM SYNTHESIS
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 Michael-type additions of amines and thiols to α,β-enoyliron-

(cyclopentadienyl) dicarbonyl complexes were carried out to give the

corresponding new β-aminoalkanoyl-and β-thioalkanoyliron complexes

in good to excellent yields. A β-aminoalkanoyliron complex was

treated with bromine in the presence of triethylamine to give the 

expected ƒÀ-lactam in an excellent yield.

 Organometallic and organic chemistry of organo-iron complexes have brought 

about the development of many interesting and useful methodologies in organic 

synthesis. 1) Among those organo-iron complexes, [CpFe(CO)2](Cp=n5-cyclopenta-

dienyl) and [CpFe(CO)(PPh3)]complexes have recently been studied extensively as 

effective reagents for selective organic transformations. 2) However, little 

attention has been paid to Michael-type additions of nucleophiles to ƒ¿, ƒÀ-enoyl-

iron complexes. This is mainly due to some difficulties in the preparation of 

the ƒ¿,ƒÀ-enoyliron complexes. 3) We have found that ƒ¿,ƒÀ-enoyl-FeCp(CO)2 (1) 

complexes can be obtained in high yields by the reaction of NaFeCp(CO)2 and 

a,3-enoyl chlorides followed by a flash chromatography on silica gel (Eq. 1). 

This improved procedure of preparation enabled us to look at the reactivity of 

these complexes toward nucleophiles. During our research on the Michael-type 

addition of nitrogen and sulfur nucleophiles to 1, Davies et al. reported 4) 

recently the Michael addition of n-butyllithium to acryloyl-FeCp(CO)(PPh3) 

followed by methylation with methyl iodide. This prompted us to disclose our 

results as a communication. 5) 

 As for ƒ¿,ƒÀ-enoyl-FeCp(CO)2 complexes, the procedure for the preparation of 

3-methylcrotonoyl-FeCp(CO)2 is typically described. [FeCp(CO)212 (1.77 g, 5mmol) 

in dry THE (25 mol) was added to sodium amalgam prepared from sodium (341 mg) and 

mercury (34 g) at ambient temperature, and the mixture as stirred vigorously for 

4 h until the color changed from reddish-brown to yellowish-brown and excess 

amalgam was removed. To this solution was added 3-methylcrotonoyl chloride 

(1.45ml, 12.6mmol) at-78 C with stirring, and the reaction mixture was gradu-

ally warmed to ambient temperature and stirred for 24 h. After the solvent 

was evaporated, the residue was extracted with chloroform and the extract was 

filtered through a small pad of neutral alumina. Then, the solvent was removed 

and the residue was washed with pentane and submitted to a flash chromatography
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 on silica gel to give 3-methylcrotonoyl-FeCp(CO)2 (1a)(2.07 g, 79.5% yield based

on[FeCp(CO)2]2)as yellow needles. Mp 62-63℃.)

(1)

 Michael-type additions of amines and thiols to the a,R-enoyl-FeCp(CO)2 (1) 

complexes thus obtained, were carried out without solvent at ambient temperature 

to give the corresponding new $-aminoalkanoyl-FeCp(CO)2 (2) and S-thioalkanoyl-

FeCp(CO) 2 (3) complexes in good to excellent yields (Eq. 2).6) The use of bases 

such as sodium hydride, sodium hydroxide, sodium methoxide, lithium diisopropyl-

amide and butyllithium in organic solvents to generate metalated amines decreased 

the yields by promoting a decomposition of 1 to [FeCp(CO)2]2. Additions of 

Lewis acids did not give good results: BF 3.OEt2 did not show any effects and 

TiCl4 and SnCl4 did not give any of the desired products. Consequently, it 

turned out that the simplest procedure, i.e., a mixture of 1 and 3-5 equiv. of Nu-H 

was stirred without any solvent at ambient temperature for 48 h, gave the best 

results. Typical results are summarized in Table 1.

 As the primary amine adducts (2, Nu=RNH) have a similar structure to those 

obtained from the reaction of an iron enolate, FeCp(CO)(PPh3)-C(OM)=CH2 

(M=Li or Et2Al), with a Schiff base, reported recently by Davies et al. 2g) and 

Liebskind et al., 2h) we carried out ƒ¿ ƒÀ-lactam synthesis using a benzylamine 

adduct (2a) (Eq. 3). Thus, to a solution of (2a) (R1=R2=Me, R3=H, Nu=

PhCH2NH) in dichloromethane was added bromine(3 equiv.) at-78 C with stirring. 

After 1 h, triethylamine (6 equiv.)was added to the mixture at-78 C and the 

reaction mixture as gradually warmed to ambient temperature. GLC analysis showed 

that the desired S-lactam, 1-benzyl-4, 4-dimethylazetidin-2-one (4), was formed in

90% yield, which was isolated by a column chromatography on silica gel.

(3)
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 Table 2. Synthesis of New B-Aminoalkanoyl-and B-Thioalkanoyl-FeCp(CO)2 Complexes

a)All reactions were run with 0.5mmol of α, β-enoyl-FeCp(O)2 and 1.5-2.5mmol of an amine or

a thiol at 25℃ without solvent. b) Values in the parentheses are the yields determined by

NMR using 1,1,2,2-tetrachloroethane as the internal standard.c) Selected signals. d) Selected

absorptions. Measured as neat liquid unless otherwise noted. e) Measured as KBr disk.
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