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*Organometallic compounds are compounds         

containing metal carbon bonds

*In many complexes both σ and π bonds 

existing   between the metal  and carbon

atoms.e.g.,carbonylcomplexes, 

alkylcompounds and sandwitch complexes and 

so on.
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In a metal carbonyl, the metal-carbon bond possesses 

both σ and π character. The bond between the carbonyl 

molecule and the metal is further strengthened by the 

synergic effect produced by the metal-ligand bond. The 

two types of bonding that exist in metal carbonyls are 

explained below:

SYNERGIC EFFECT     











Metal nitrosyl complex

* Metal nitrosyl complexes are complexes that contain nitric oxide, NO, bonded 

to a transition metal.

Most complexes containing the NO ligand can be viewed as derivatives of the nitrosyl

cation, NO+. The nitrosyl cation is isoelectronic with carbon monoxide, thus the bonding 

between a nitrosyl ligand and a metal follows the same principles as the bonding in carbonyl 

complexes. The nitrosyl cation serves as a two-electron donor to the metal and accepts 

electrons from the metal via back-bonding.

Bonding and structure

https://en.wikipedia.org/wiki/Complex_(chemistry)
https://en.wikipedia.org/wiki/Nitric_oxide
https://en.wikipedia.org/wiki/Transition_metal
https://en.wikipedia.org/wiki/Isoelectronic
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Carbonyl_complex
https://en.wikipedia.org/wiki/Back-bonding






Linear vs bent nitrosyl ligands

The M-N-O unit in nitrosyl complexes is usually linear, or no more than 15° from 

linear. Linear and bent NO ligands can be distinguished using infrared spectroscopy. 

Linear M-N-O groups absorb in the range 1650–1900 cm−1, whereas bent nitrosyls

absorb in the range 1525–1690 cm−1. The differing vibrational frequencies reflect the 

differing N-O bond orders for linear (triple bond) and bent NO (double bond).

ENEMARK FELTHAM NOTATION

The adoption of linear vs bent bonding can be analyzed with the Enemark-Feltham

notation In their framework, the factor that determines the bent vs linear NO ligands is the 

sum of electrons of pi-symmetry. Complexes with "pi-electrons" in excess of 6 tend to have 

bent NO ligands. Thus, [Co(en)2(NO)Cl]+, with seven electrons of pi-symmetry (six in 

t2g orbitals and one on NO), adopts a bent NO ligand, whereas [Fe(CN)5(NO)]3−, with six 

electrons of pi-symmetry, adopts a linear nitrosyl.

https://en.wikipedia.org/wiki/Infrared_spectroscopy
https://en.wikipedia.org/wiki/Bond_order
https://en.wikipedia.org/wiki/Triple_bond
https://en.wikipedia.org/wiki/Double_bond
https://en.wikipedia.org/wiki/Ethylenediamine


Metal complexes possessing a linear coordination of NO 

NO has one more electron than CO, hence it often acts as a three

electron donor. Hence in metal carbonyl complexes, the replacement

of CO by NO is compensated by a matching decrease in the atomic number 

of the metal centre. Therefore, 3 CO can be easily replaced by 2 NO. For 

example, the nitroprusside anion, [Fe(CN)5NO]2- , an octahedral complex 

containing a "linear NO" ligand is shown as:

[Co(CO)3(NO)]       ----- [Co(NO)3]

[Fe(CO)5]            ----------- [ Fe(CO)2(NO)2]

[Mn(CO)4(NO)]   ------------ [Mn(CO)(N0)3]

[Cr(Co)6 ]  --------- [Cr(NO)4]



There are metal complexes in which the M-N-O group features slightly bent 

coordination geometry where the M-N-O bond angles are in the range of 165°-

180°. For example, the cationic complex [Ir(CO)Cl(NO)(PPh3)2] + was found to 

have a bond angle of 124° and there are a large number of other nitrosyl

complexes. On the other hand, in a related complex [RuCl(NO2)(PPh3)]+ , in 

which the CO ligand has been replaced by a second NOmolecule, have both linear 

and bent M-N-O as shown in the figure below.

In this complex, the basal nitrosyl is linear Ru-N-O (178°) whereas the apical 

nitrosyl was found to be bent (136°). The metal-nitrogen bond lengths in the 

complex are in accordance with the presented structure. The Ru-N bond length in 

the linear system is shorter (1.73 Ǻ) as compared to the bent system (1.85 Ǻ). 

This indicates that there is substantial π-bonding in the linear system whereas 

the bent system is a σ-only metal-nitrogen bond

METAL COMPLEXES POSSESSING NON LINEARCO-ORDINATION OF NO





In [Co(NO)(en)2Cl]+ (where “en” is ethylenediamine), the NO takes a bent

coordination mode. In this complex, the Co-N bond distance (1.820Ǻ) in Co-NO

bond was found to be considerably different from Co-N bonds with the

ethylenediamine ligand (1.964 Ǻ). This indicates that the NO ligand retains

significant multiple bond character because of back donation from a filled metal d-

orbital to the remaining empty π* orbital of the NO ligand. The first well-

characterized example of a metal complex containing the bent nitrosyl was found in

a derivative of Vaska’s complex.

[Ir(PPh3)2(CO)Cl] + NO+ BF4- ->  [Ir(PPh3)2(CO)NOCl]+ BF4 –



The product has a square pyramidal structure with a bent nitrosyl

ligand

having an Ir-N-O angle of 124°. The question of whether the 

nitrosyl ligand wuld adopt a linear or bent cordination mode canbe

answered by looking at the MO picture of the final complex. 

If there are available non-bonding MOs on the electron poorer 

metal, the electron pair on the nitrogen of NO can reside there and 

the nitrogen functions as a sp donor system with an associated π-

back donation form the metal to the NO. Thus, NO adopts linear 

coordination mode in this situtation. On the other hand, when the 

low-lying orbitals of metal are already filled (electron-rich system), 

the pair of electron must occupy a basically non-bonding orbital on 

the nitrogen of bonded NO, resulting in sp 2 hybridization and a 

bent coordination geometry of the NO.





METALATION 
ALKYL AND ARYL METALATION:

An organometallic complex having 

σ bonds between metal atom alkyl group  is  alkyl metallic complex 

(e.g.,) Grignard Reagent .It is having Magnesium alkyl bonds. Methyl 

lithium is another complex . In this complex sharing of electrons 

between metal and the carbon in a σ fashion.

(R=H,alkyl,aryl)

Alkyl ligand may be a 2-electron donor  (donor pair method) or a 1-

electron donor (neutral ligand method).





(2)Reaction of metal carbonyl anion with alkyl halide

Na[Mn(CO)5]- + 4PhCH2MgCl ------- CH3Mn(CO)5 + NaI

Methyllithium

Methyl chloride is reacted with lithium in 

benzene solvent,methyl lithium result.
CH3Cl + 2Li------ CH3Li + LiCl

SYNTHESIS OF METAL-ALKYL COMPLEXES:

(1) Reaction of  a transition metal halide with 

organolithium,organomagnesium or organoaluminium

reagent.

ZrCl4 +4PhCH2MgCl---Zr(CH2Ph)4 Ph—Phenyl



CH3Li exist as a tetramer. Structure is tetrahedron. 4 H atoms constituting the

corners of the tetrahedron. CH3 group occupying spaces symmetrically in the

four phases of the tetrahedron. The bonding involves electron deficient

4 centre-2-electron bond.

(e.g.,) Ti(CH3)4,W(CH3)6. The alkyl ligand acts as a monohapto ligand.



METAL ALKENE COMPLEX

Certain metal ion such as Cu+, Ag+,Hg2+ and Pb2+ forming complex 

with alkene.E.g., silver –alkene complex.

Ag+
(aq) + alkene----- Ag[alkene]+

(aq)

ZEISE’S SALT:
It is a Pt-alkene complex              K[Pt(C2H4)Cl3]H2O

PREPARATION:

K2PtCl6 + C2H5OH --- K[Pt(C2H4)Cl3]H2O

[PtCl4]2- +C2H4---[Pt(C2H4)Cl3]- +Cl-





STRUCTRAL FEATURES OF ZEISE’S SALT

1* The platinum ion in the salt is 4-coordinated,3 sites occupied 

by the chloride ion   and the fourth site occupied by the ethylene 

molecule.

2* Its geometry is square planar.

3* π electrons in ethylene are co-ordinated to the platinum 

metal.   Overlap of π bonding orbital of the alkene with a 

vacant σ-type orbital of the Pt is  (5d 6s 6p2) hybrid 

produces L-M bond of σ type.

4*  In addition to π bond originating from the overlap of a [5dxz 

6pz] filled orbital of  Pt  atom with empty π bonding orbital of 

alkene is formed.



5*   Ethylene molecule is π-bonding ligand.

6*  The length of  the co-ordinated alkene  C = C  bond (1.375Å) is 

greater           than  C = C bond length (1.337) in the free ethylene 

molecule.

C = C bond is perpendicular to the molecular  plane.

7* Planar  ethylene becomes non planar on bonding to platinum.

8* The metal is located above the plane of the alkene symmetrically 

between      the two skeletal carbon atoms.

9*The two carbon atoms are equidistant from the platinum ion.

10* Water molecule present as solvent molecule of crystallization.

11* structure is determined by  X-ray,IR and raman spectra.



BONDING IN METAL- ALKENE COMPLEX:

1*In a metal alkene complex π electrons of the alkene are used to 

bond the ligand with the metal such a bond is called  dative σ bond.

2* The primary π-electron metal bonding is strengthened by back 

donation from a filled metal t2g orbital to a π* orbital of the alkene 

ligand.

Back bonding changes hybridization of C from sp2 to sp3 so substituents 

bent back.

3* The complex formation and the bonding satisfy EAN rule.

4*The length of C –C co ordinated olefin is greater than the C –C 

bond in free alkene.This is proved by decrease in the  C = C  stretching 

frequency in the complex compared to frequency in free alkene.

C = C stretch in zeise’s salt  1516cm-1

C = C stretch  free ethylene 1623 cm-1

5* Lengthing of bond  can be explained by the synergistic σ

donation and π acceptance of  ethylene ligand.





METAL ACETYLENE COMPLEX:

Metal acetylene complexes are similar to the metal- olefin 

complexes.   

Structure and Bonding 

* Alkynes tend to be more electronegative and therefore tend to bind 

more tightly to a transition metal than alkenes. In fact, alkynes will often 

displace alkenes. 

*  The primary difference in bonding between alkenes and alkynes is that 

an alkyne can act as either a 2 or 4 electron donor 

*   Alkynes have two sets of mutually orthogonal pi bonds. We can bind 

one of these to the transition metal in a sigma-type fashion (A) as we did for 

alkenes, including a pi-backbond (B). 



The orthogonal set can also bind in a pi-type fashion using an orthogonal 

metal d-orbital (C): 

The back-donation to the antibonding orbital (D) is a delta-bond (there are 

two nodes in it), and the degree of overlap is quite small as the two orbitals 

meet side-to-side rather than engaging in direct overlap. Therefore, the 

contribution of D to the bonding of alkynes is minimal at best. 

The net effect of this additional pi-donation is that alkynes are usually non-

linear when coordinated to a transition metal complex. We can draw several 

resonance structures that depict the bonding of an alkyne. Iis the 

metallacyclopropene resonance form. Support for this versus a simple two 

electron donor, II, can be inferred from the C-C bond distance as 

well the R-C-C-R angles (see below). III generally does not contribute to the 

bonding of alkyne complexes. 





There is analogues of Zeise’s salt in which an acetylene molecule is 

bound to Pt(II) and occupies a position like that of ethylene in Zeise

[Pt(C6H5C           CC6H5)(PPh3)2]



RESONANCE STRUCTURE



*  As expected from the reduced C-C bond order, the C-C bond 

distances for coordinated alkynes are typically larger (125 to 135 

pm) than in the uncoordinated ligand (110 to 115 pm). 

*    For 4-electron donors, the R-C-C bond angles are usually in 

the range of 130 to 146 degrees, with M-C bond distances of 199 

to 209 pm. The C-C triple bond of free alkynes are normally 

observed around 2200 cm-1 in the infrared or Raman spectrum 



Coordination to a transition metal reduces the C-C 

bond order, leading to a lower stretching frequency in 

the range of 1700 to 2000 cm-1. 4-electron donors 

reflect their reduced nature in the IR: coordinated 

internal alkynes are typically 1730 - 1820 cm-1 and 

coordinated terminal alkynes are typically 1675 - 1715 

cm-1. 



METAL ARENE COMPLEX

Metallocenes:

They are also called as  metal sandwich complex. It consists 

of metal sandwiched between two cyclic organic ligands.E.g., Ferrocene

[ Fe(ղ5-(C5H5)2)]

PREPARATION:

2C5H5-Mg-Br   +  FeCl2 -----(Π C5H5)2Fe   +MgBr2

Ferrocene may be regarded as the Fe2+ derivative of cyclopentadienyl anion

2(C5H5)- +  Fe2+ ------ πFe(C5H5)2



(2)     The reaction between. FeCl2 andC5H6 in presence of a strong base 

such as diethyl amine.

FeCl2 + 2C5H6 + 2(C2H5)2NH--π(C5H5)2Fe +2(C2H5)2NH2Cl 

STRUCTURE OF FERROCENE:

1 *    It has a sandwich structure in which the two cyclopentadienyl 

groups are           nearly eclipsed with respect to each other.(Two 

planar rings are aligned in space in the same manner parallel to 

each other).

2*     The hydrogen atoms are slightly tilted towards the iron atom.

3 *     All the carbon atoms in it are equidistant from Fe, therefore the 
ring is assumed to have a hapticity ղ of 5(i.e) ղ5-C5H5

4*       All the C-C distances are same (1.389Å) a value close to 

1.395Å of   benzene.The bond order is similar to that in 



5* The  two rings are separated by a distance of 3.25Å

6* The Fe-C distances are all equal(2.04Å)

7* The energy barrier for the rotation of the rings about the metal to the 

ring axis is    very small(4KJ/mol-1)



BONDING IN FERROCENE:

1* The bonding in Ferrocene can be understand by 

considering the molecule to be a combination of a ferrous ion 

with two C5H5- anion.

2* Each C5H5- is planar with a symmetrical pentagonal shape.

3* The entire ring is bonded uniformly to the metal atom.

4* The bonding in it occurs by a overlap of the sextet of π

electrons of the ring with the 3d orbitals of the metal thereby 

producing a delocalized covalent bond between the metal 

atom and the  cyclopenta dienyl ring as a whole.

5* With reference to ferrous iron, structure of ferrocene is 

pentagonal anti-prismatic



6*   Pentagonal ring of Cp (C5H5), analogous to hexagonal ring of benzene, 

is obtained by Sp2 hybridization of carbon atoms. 

7*  Each pz orbital of each carbon atom having one electron is used for 

formation of mobile (delocalized) π-bond

8* Total six electrons, which are placed in three of the five π-bonding 

orbitals (as electron pair); while remaining two π-bonding molecular 

orbitals remain vacant.

9* During combination with central Fe (II) [d2 sp3 -hybridised], each Cp

coordinates giving three electron pairs. Filled orbitals (t2g) of Fe 

(II) form back π-bond with vacant antibonding orbitals (π* MOs) of Cp- . 

Thus, each Cp- links as π-donor and π-acceptor, with Fe (II).



10* Linear combinations of five available p orbitals (one on each carbon atom) 

give rise to three bonding and two anti-bonding molecular orbitals. The most 

strongly bonding overlap (when all the wave functions on one side of the ring, 

have the same sign) is designated as 'A2'.

11* At slightly higher energy, there is a doubly degenerate set of molecular 

orbitals (E1), each of which has one nodal plane. This is followed by another 

doubly degenerate set of molecular orbitals (E2) with two nodal planes.

12* The A2 and E1 orbitals are both fully occupied in the electronic 

configuration of the Cp‐ anion whereas the E2 orbitals are net anti‐bonding 

and are unfilled.









Transition metal allyl complexes

The allyl group, binds in one of two ways.

• In the ղ1 - form it is a simple X‐type ligand like Me and it behaves 

as an 2e−donor.

• In the ղ3 - form it acts as a LX enyl ligand and it is an 4e−donor.

• It is often useful to think in terms of the resonance forms (2e + 

1e donor)







Frontier molecular orbitals of the metal allyl 

fragment: 
*      Ψ1 is occupied by 2 electrons and has appropriate symmetry, 

energy and orientation to overlap with a suitable metal dσ orbital. 

* Ψ2 is also occupied by 2 electrons (ionic model) and has 

appropriate symmetry, energy and orientation to overlap with 

a suitable metal dπ orbital.

*     Ψ3 is unoccupied and has appropriate symmetry, energy and 

orientation to overlap with a suitable metal dπ orbital for back 

donation. 

*    The plane of the allyl is canted at an angle θ with respect to 

the coordination polyhedron around the metal ( θ is usually 5 ◦–

10◦ ). 

*   The extent of orbital overlap between Ψ 2 and the dxy orbital 

on the metal is improved if the allyl group moves in this way. 







METAL BUTADIENE COMPLEX

The bonding of butadiene involves matching the metal d orbitals to the π system 

configuration that contains the correct symmetry for bonding. The two lower energy 

MOs can behave as donors to the metal; the lowest a σ donor, the HOMO a π 

donor. The two highest MOs can accept electron density from the metal. The LUMO 

is a π acceptor, the highest energy MO a σ acceptor.



• The frontier orbitals of the butadiene, 

ψ2 (HOMO) and ψ3 (LUMO), are the most 

important in bonding to the metal.

• Depletion of electron density in ψ 2 by 

σ donation to the metal and population 

of ψ 3 by back donation from the metal 

lengthens the C1-C2 bond and shortens 

the C2-C3 bond because ψ 2 is C1-C2 

antibonding and ψ 3 is C2-C3 bonding.

(Butadiene)iron 

tricarbonyl







*  Fluxional (or non-rigid) molecules are molecules that undergo dynamics 

such that some or all of their atoms interchange between symmetry-

equivalent positions.

* We also use the term, dynamic exchange process, to express a molecular 

motion that interchanges the positions of the inequivalent groups.

*  Multinuclear NMR spectroscopy, one of the favorite tools of           

the organometallic chemist, is one of the most common ways of observing 

dynamic behavior.

Dynamic Exchange Processes

The prototypical example of such a system is the axial-equatorial interconversion 

of the chair form of cyclohexane

Fluxionality

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Atom
http://www.ilpi.com/organomet/organometallics.html
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complex
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Reactions Involving Gain or Loss of 

Ligands
A. Ligand dissociation and substitution

B. Oxidative addition

C. Reductive elimination

D. Nucleophilic displacement

REACTIONS INVOLVING MODIFICATION OF LIGANDS

A. Insertion

B. carbonyl Insertion

C. Hydride Elimination

D. Abstraction



Addition or dissociation vs oxidative 

addition or reductive elimination

ligand dissociation and substitution

Most of organometallic reactions involve the change in C.N of the metal 

by a gain or loss of ligands retaining the oxidation state of the metal. These 

reactions are considered as addition or  dissociation.

carbonyl dissociation may result in the rearrangement of remaining 

molecule or replacement of CO by another ligand.



ligand dissociation and substitution



Because of the two pathways the overall 

rate of formation of Mo(CO)5L is the sum of 

rate of unimolecular and bimolecular 

Mechanism.

Most of the CO substitution reaction 

proceed by a dissociative mechanism.

Associative path is for the 

complex of large metals (providing site 

for incoming ligands to attack) and for 

the reactions involving nucleophilic 

ligands.



CONE ANGLE

The apex angle  of a cone that encompasses the vanderwaals radius 

of the outermost atoms of a ligand.

The presence of bulky ligands having large cone angle lead 

to rapid ligand dissociation as a consequences of crowding around 

the metal. 



Nucleophilic displacement



Reactions Involving Modification of 

Ligands 

INSERTION 
Reaction involve the insertion of 

small molecules X-Y into the metal ligand bonds M-

C and M-H bonds.

TYPES:
1,1 Insertion

1,2 Insertion

1,1 Insertion



*In this reaction the X group which is one 

bond away from the metal atom ends up on atom 

that is one bond away from the metal atom. This 

reaction go via migration of X group therefore it is 

called migratory insertion.

*The result is decrease in the no of 

electrons on the metal atom by 2 with no change 

in the oxidation state

*In 1,1-migratory insertion we can add 

another species that can act as a ligand.

[Mn(CH3)(CO)5]     +   PPh3 --- [Mn(CH3CO)(CO)4PPh3] 

carbonyl insertion 

Consider  migratory insertion of CO with [Mn(CH3)(CO)5] 

[Mn(CH3)(CO)5]   +
13CO---- [Mn(CH3CO)(CO)4

13CO]



- Intramolecular 

insertion:









It was found that cis and trans isomer are 

formed in 2:1 ratio, so migration of CH3 takes 

place

1,2 INSERTION
1,2 insertion in which the metal and the X 

ligand end up bound to adjacent (1,2) atoms 

of an L‐type ligand with no change in O.S of 

the metal.

In general, η1 ligands tend to give 1,1 insertion 

and η2 ligands give 1,2 insertion 

SO2 is the only common ligand  that  can give both  

types of insertion; as a ligand, SO2 can be η1 (S) 

or η2 (S, O).



The X group is a hydride, alkyls, or aryls and the 

product is a alkyl substituted compound.

Alkene insertions reactions

For simple alkenes, such as ethylene, the 

equilibrium tends to lie to the left (i.e., the alkyl 

ß‐ eliminates) , but for alkenes with electron 

‐withdrawing ligands (e.g., C2F4 ) the alkyl is 

particularly stable, and the equilibrium lies 

entirely to the right



The experimental evidence shows that 1,2,insertion and ß 

hydride elimination proceed through a syn intermediate.

ß hydride elimination can provide a facile route for 

decomposition of alkyl containing compounds.

1,2 –insertion coupled with ß-hydride elimination provide a 

low energy route to alkene isomerization. 



Nucleophilic attack on ligand 

Ligand activation by metal that leads to a direct 

external attack at the ligand.

Many bound ligands can be modified or removed 

from the metal center by nucleophilic or 

electrophilic reactions. Nucleophilic attack:

Favored for metals that are weak π-bases and 

good σ-acids (i.e., complexes with net positive 

charges or π-acidic ligands).

Ligands bound to electrophilic metals will tend to 

be electrophilic themselves

when the complex is cationic and/or when the other       

metal bound ligands are electron withdrawing 

such that the ligand getting activated gets depleted 

of electron density and can undergo an external 

attack by a nucleophile Nu−, like LiMe or OH−



Carbon monoxide (CO) as a ligand can undergo nucleophilic 

attack when bound to a metal center of poor π−basicity, as the 

carbon center of the CO ligand is electron deficient owing to the 

ligand to metal σ−donation not being fully compensated by the 

metal to ligand π−back donation.

Thus, activated CO ligand undergoes nucleophilic attack by the 

lithium reagent to give an anionic acyl ligand, which upon 

alkylation generates the famous Fischer carbene complex.

Electrophilic attack: 
Favored for electron rich metals that act as weak σ-acids, but 

strong π-bases (i.e. low valent metals, or those with net 

negative charges and/or electron donating ligands).

Ligands bound to π-basic metals tend to be electron rich, 

and act as nucleophiles



when the complex is anionic with the metal center at 

low−oxidation state and/or when the other metal 

bound ligands are electron donating such that the 

ligand getting activated becomes electron rich from 

the π−back donation of the metal center and thus can 

undergo an external attack by an electrophile E+ like 

H+ and CH3I.

The attack of the electrophiles may result in the 

formation of a bond between the electrophile and the 

activated unsaturated substrate,



Direct combination of carbon monoxide and metal: 

Carbonylation

Carbonylation refers to reactions that introduce carbon 

monoxide into organic and inorganic substrates.so it is 

used as a reactant in industrial chemistry.  

300C,1atm

Ni   + 4CO    ------------- Ni(CO)4

2000C,200atm

Fe   + 5CO   ------------- Fe(CO)5

2000C,100atm

2Co  + 8CO  -------------Co2(CO)8

Reductive carbonylation of transition metal 

salts: 

https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Inorganic_compound


2500C, 350atm

OsO4 + 9 CO------------------ Os(CO)5 + 4CO2

High press.and temp.

Re2O7 +17CO------------------ Re2(CO)10 

Reductive carbonylation by carbon monoxide:

Reductive carbonylation by hydrogen:

1500C,300atm 

2CoCO3 + 8CO  +H2-------------Co2(CO)8 +2CO+ 2H2O 

Reductive carbonylation by metals: 

1750C,250atm

RuI3  + 5CO  + 3Ag------------ Ru(CO)5 

2500C,200atm

2CoS  + 8CO  +4Cu------------ Co2(CO)8 + 2Cu2S



DECABONYLATION    

Decarbonylation is a type of organic reaction that involves 

loss of CO.






