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Homoleptic metal-carbonyls
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Re2(CO)10 Fe2(CO)9

16 + 18 +2 = 36e-14 + 20 +2 = 36e-

Co2(CO)8

18 + 16 +2 = 36e-
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Direct reaction

3



J. Chem. Soc. Trans. 1890, 57, 749–753.
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Mond Nickel Works, Clydach (Wales)
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Reductive carbonylation
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[Fe(CO)4]
2-

Reduction of metal-carbonyls to metal-

carbonyl anions (metal-carbonylates)

CO 1730 cm-1
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[Mn(CO)5]
– + H+ → [MnH(CO)5]

Protonation of metal-carbonyl

anions
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[Mn(CO)5]
– + CH3I → [Mn(CH3)(CO)5] + I–

[Co(CO)4]
– + CH3COI → [Co(COCH3)(CO)4] + I–

[Mn(CO)5]
– + [ReBr(CO)5] → [(OC)5Mn−Re(CO)5] + Br–

Basicity of metal-carbonyl anions

Nucleophilic attack
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Migratory insertion



Oxidation (oxidative cleavage) of a 

M−M bond in metal-carbonyls

[(OC)5Mn(0)−Mn(0)(CO)5] + Br2 → 2[Mn(+1)Br(CO)5]
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Nucleophilic and electrophilic attack to bound CO

Li(CH3) + [Mo(CO)6] → Li[Mo(COCH3)(CO)5]

[(OC)nM(CO)] + OH– → [(OC)nM(COOH)]–

Electron-poor metal: nucleophilic attack on the C

Electron-rich metal: electrophilic attack on the O
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nucleophilic attack at the carbon of a metal carbonyl complex, followed by 

alkylation using a trialkyl oxonium salt
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Carbonyl Clusters

15



Co2(CO)8 Fe3(CO)12 Os3(CO)12
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Rh4(CO)12 Ir4(CO)12 Ir6(CO)16 

red
Ir6(CO)16

black
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Os5(CO)18
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1973 − Nobel Prize for Organometallic 

Chemistry of the d-block elements
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Ferrocene and  Metallocenes

• G. Wilkinson, M. Rosenblum, M. C. Whiting, R. B. 

Woodward, J. Am. Chem. Soc. 1952, 74, 2125–2126.

• E. O. Fischer, W. Pfab, Z. Naturforsch. B 1952, 7, 377–379.

In 2017 more than18000 publications about ferrocenes
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• Stable up to 400 ºC (melts at 172 ºC)

• Stable to air and soluble in most organic solvents

• Reactivity similar to a super-aromatic elecrophile

• Reversible oxidation at +0.4 V vs SCE
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Fe Fe

CH3COCl + AlCl3

O

Fe Fe

Li
BuLi

+ BuH

Friedel – Crafts acylation
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The oxidation is fully reversible - Ferrocene used as standard in 

CV. This means that Fericcinium (17e-) is also rather stable.
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The electron withdrawing halide results in the E1/2 value of this 

complex to be shifted to more positive potentials because the oxidized 

form is destabilized by the electron withdrawing ligand. The electron 

donating methyl groups of compound C result in the E1/2 to shift to 

more negative potentials as the oxidized species is stabilized.








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(a1)

(e1)

(e2)



-donation

-donation

-backdonation

LUMO

HOMO

xy

x2-y2

xz, yz
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Bent sandwich
29



Half sandwich or Piano stool
30



Triple decker or double sandwich
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Mn

M (0)

M (II)
M (III)
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Walsh diagram

HOMO

 is the angle between the two Cp ligands;  = 0 corresponds

to Ferrocene

The most stable geometry

depends on the metal electrons

number
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General lanthanide = Ln, 4fn5d16s2

f-block elements
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Sm(1-Cp*)(5-Cp*)2

Sm(5-Cp*)3 Sm(1-Cp*)(5-Cp*)2
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General actinide = An, 5fn6d17s2

f-block elements
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Thorocene

40

Uranocene
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