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Group VIB: Cr, Mo, W

-Oxidation states from -2 to +6

-While +2 and +3 for Cr are quite usual, compounds for Mo and W are rarely known

-Chromocenes (Cp2Cr) are stable, but corresponding Mo and W complexes are 
known only as an intermediates

-Ligands like CO, Cp – are very popular for the organometallic complexes of Cr, Mo, W



























Group VIIIB: Co, Rh, Ir

-Oxidation states from -3 to +4

- +1 and +3 are most stable

-π-acidic ligands like CO, phosphines, alkenes – are very popular for the

organometallic complexes of Co, Rh, Ir
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organometallic complexes of Co, Rh, Ir

Synthesis:

Direct activation of the C-H bond:



2) Using Li, Na, Mg – organic compounds

CoCl(PPh3)3  +  NaCp                    CpCo(PPh3)2  +  PPh3  +  NaCl
toluene

CpCo(PPh3)2 – black crystals (should be stored at low temperature under nitrogen,
but short exposition to air at room temperature is possible)

1H NMR: δ(C5H5) = 4.45 ppm
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Reactivity:

1. Cyclotrimerization of alkynes with CoCpL2, L = PPh3, CO, cyclooctadien (COD):
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Mechanism:
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In the case of CpCo(PPh3)2 the catalytic intermediate
cobaltocyclopentadiene complex can be isolated:



The cobaltocyclopentadiene can react with a variety of compounds containing
multiple bonds to give cyclic products:
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2. C-C bond formation using Rh-complexes: 8

In this cascade of 2 reactions RhCl(CO)(PPh3)2 can be recovered and reused.

Dimerization of terminal alkynes is promoted with RhCl(PPh3)2:



Group VIIIB: Ni, Pd, Pt
-Oxidation states from 0 to +4

- +2 is most stable

-Phosphines, alkenes – are very popular for the organometallic complexes of Ni, Pd, Pt

Synthesis:

1) Using Li, Mg, Al – organic compounds
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PdBr2(PEt3)2 + 2MeLi cis-PdMe2(PEt3)2 + 2LiBr



02) Oxidative addition of C-Halogen bond to Ni, Pd, Pt(0) compounds:

3) Oxidative addition of C-H bond to Pd, Pt(0) compounds:

PtL2 + R-H H-PtL2-R



1Reactivity:

1. Oxidative addition to M(0). This is an important step in many catalytic processes.

Not only acyl halides but also other compounds can undergo oxidative addition:

C-H substrates which can undergo oxidative addition to Pd(0):



2Substrates with element-element bond which can undergo oxidative
addition to Pd(0):

N-O bond in oximes can also undergo oxidative addition to Pd(0):

NiII/Zn0 system was elaborated for the C-C coupling which includes oxidative
Addition to Ni0:
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2. Reactions in the coordination sphere: organopalladium(II) species and nucleophiles

CO
alkenes
alkynes

are rather unreactive towards nucleophiles because they are electron rich

However, their reactivity is inverted when coordinate to electron deficient Pd(II)

In the case of non-symmetrical alkenes the attack of a nucleophile takes place at the
more substituted vinylic carbon atom
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Coordination of alkenes to platinum(II) also facilitates a nucleophile attack:

Nu = alkoxides, amines, carboxilates.



Physical Methods in 

Organometallic Chemistry

NMR of organometallic Compounds
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- The metal

- The organic groups (alkyl/aryl)

- The other ligands

- Coupling with heteronuclei



Metal complexes:

Diamagnetic:
Metal complexes with no unpaired 
electrons will behave similarly to
organic materials. 
Requires an even electron count and a 
low-spin configuration with no unpaired
electrons.
Examples of diamagnetic metal centers: 
d0, d4 (low spin, tetrahedral), d6 (low 

Paramagnetic:
Metal complexes with odd electron counts 
or high spin configurations with one or 
more unpaired electrons are paramagnetic. 
The paramagnetic metal center will 
significantly affect the chemical shift (1H 
chemical shifts of +200 to –200 are quite
possible). In addition, the paramagnetic 
center will often broaden the peak, often to 
the point where it is practically 
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d , d (low spin, tetrahedral), d (low 
spin), d8 (square planar), d10

the point where it is practically 
unobservable. 



The organic groups (alkyl/aryl)

Alkyl groups

• at main group metals:

– shift to high field (compared to a H or CH3 substituent):
0-4 ppm in 1H, 0-15 ppm in 13C

– the metal is a σ-donor!

• at transition metals:

– larger high-field shift for metals
with a partially filled d shell
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Aryl groups

usually low-field shift of ortho H and ipso and ortho C

Hydrides

extreme high-field shift (up to 100 ppm) for metals with a partially filled d shell.

Example of hydride NMR signal description:

δ -10.44 (d, 2J(P,H) = 15.0 Hz, 1H, Ha)

integrationsplitting J constant
assignment



Coupling to heteronuclei

M-CH3 M  NMR-inactive Pd-CH3

M  S = 1/2

M  S = 3/2

M  30%  S = 1/2

Rh-CH3

Cu-CH3

Pt-CH3
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The 2JL-L coupling constant is strongly dependent on the L-M-L angle.
The coupling will be largest when the angle is 180° (trans) and will be
at a minimum when the angle is 90°.

M  S = 3/2�



Trans coupling (90-160 Hz) / cis coupling (10-30 Hz)
0



The other ligands

• Charged ligands usually become aromatic

• Arenes become less aromatic and sometimes more localized

+ ++ - + --

Rh
N

1

N

• Olefins shift to higher field (metallacyclopropane character!)

free coordinated cyclo-
ethene ethene propane

1H 5.2 1-3 0.2
13C 122 40-90 -3

MM



13C-NMR: 2



MS of organometallic Compounds

It is often possible to determine molecular weight of a compound by MS

For example: Manganese carbonylManganese carbonyl => m/z 390m/z 390

As MnMn => 5555 and C=OC=O => 28  28  èèèèèèèè MnMn22(COCO)1010

Another example: Iridium complex PEt3
ClCl

(even)(odd)
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Ir P

PEt3

Cl
ClCl

OC
ClNMR and IR can give a lot of information but without

MS it is very difficult to show the presence of Cl.
With MS, it is easy to show that 4 chlorine atoms are present

Molecular ion is usually present with Laser desorption. However, ions produced 
that way comes from condensed phase (solid/liquid) and structure in these phase
might be very different from the one in gaz phase.

With FAB (Fast Atom BombardmentFast Atom Bombardment)  most intense cation peak is the protonation ion
(M+1) peak. Anion (M-1) can also be formed.



IR of organometallic Compounds

Bond Stretching Frequencies: HydrogenBond Stretching Frequencies: Hydrogen

Hydrogen: all bond stretch occur in the range: Hydrogen: all bond stretch occur in the range: 

4000 to 1700 cm4000 to 1700 cm--11 (for H(for H--F down to HF down to H--Pb)Pb)

Going down any main group in periodic table increase the massGoing down any main group in periodic table increase the mass
And decrease the bond strength  =>  Lowering stretching FrequencyAnd decrease the bond strength  =>  Lowering stretching Frequency

From Left to right along a row: the effect of increasing the mass is outweighed From Left to right along a row: the effect of increasing the mass is outweighed 
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From Left to right along a row: the effect of increasing the mass is outweighed From Left to right along a row: the effect of increasing the mass is outweighed 
by the increase in Bond strenght  =>  Frequency increaseby the increase in Bond strenght  =>  Frequency increase

Increase (cmIncrease (cm--11))

Decrease (cmDecrease (cm--11))



TerminalTerminal

M CO

BridgingBridging

M

CO

M
M

CO

M

M

Triple BridgeTriple Bridge

2130 2130 –– 1700 cm1700 cm--11

1900 1900 –– 1780 cm1780 cm--11

1900 1900 –– 1780 cm1780 cm--11

We can therefore state: CO above 1900 => terminal COWe can therefore state: CO above 1900 => terminal CO

Below 1900Below 1900 : Can be due to bridging COCan be due to bridging CO or terminal COterminal CO with unusual with unusual 
π

Bond Stretching Frequencies: COBond Stretching Frequencies: CO--ligandligand
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reduction of CO strenghtreduction of CO strenght (d -> π* back bonding)

Isotopic subsitution:
• A band at ~2000 cm-1 may due 
to M-H or M-CO

• Changing H to D we can 
distinguish between these two

situations

At about 2000/� 2 = 1414 cm-1
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1934/� 2 = 1367 cm-1, close to experiment: 1396 cm-1


