Level-3 Organometallics L5a

M-C bonding in CO complexes

All these interactions result in strengthening of the M-C bond. 

Much evidence that this is case, e.g. for W-C distances 

W(CO)6
2.06 Å

WMe6
2.15 Å

W(=CH2) 1.94 Å

Difficult to separate effects of 3 components in metal complexes. 

Evidence for (-donor orbital (cases where no (-bonding is possible) 

· Lewis adduct H3B(CO. Complex has ((CO) at 2164cm-1 , free CO at 2143cm-1  therefore C-O bond order is increased  with (-donation, as predicted.

· Same for cationic metal carbonyls e.g. linear [Hg(CO)2]2+ ((CO) 2164cm-1 - only stable in highly acid solvents (CO is very poor (-donor)

Back-bonding is very effective in reducing formal charge on a transition metal. Therefore CO is a very good ligand for stabilising metals in electron rich LOW oxidation states.

Charge on a complex has great effect on ((CO)

complex
[V(CO)6]-
Cr(CO)6
[Mn(CO)6]+

((CO) cm-1
1860
2000
2090

Due to differing degrees of back-bonding.

Level-3 Organometallics L5b

Super-reduced carbonylate anions

CO can stabilise TM's in unusually low oxidation levels

EXAMPLE     
 Mn2(CO)10   





Mn(0)

              

Mn2(CO)10 + Na/Hg (
[Mn(CO)5]-   
Mn(-1)

with stronger reducing agents  (e.g. Na+ C10H8-) possible to get lower - super reduced carbonylate anions



Na+3 [Mn(CO)4]3-




Mn(-3) !!

Tetrahedral - unstable explosive

Other examples made in a similar fashion. Strong back donation shows in ((CO)  for series [M(CO)4]n-

Ni
Co
Fe
Mn
Cr

charge n
0
-1
-2
-3
-4

((CO) cm-1
2040
1890
1729
1670
1462

In -3 oxidation state

M(CO)53-

V, Nb, Ta







M(CO)43-

Mn, Re







M(CO)33-

Co, Rh, Ir

In -4 oxidation state

M(CO)44-

Cr, Mo, W

Level-3 Organometallics L5c

Super-reduced carbonylate anions

High negative charge is delocalised by carbonyl ligands

The formal high negative charge on the metals makes these ions extremely powerful metal-centered nucleophiles

EXAMPLES

[Mn(CO)4]3-  + 2Ph3SnCl  
(  
[Mn(CO)4(SnPh3)2]-  (mono-anion)
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[Mn(CO)4]3-  + 3Ph3PAuCl  
( 
 Mn(CO)4(AuPPh3)3
Level-3 Organometallics L5d

Other pi-acceptor ligands

The principles of bonding of CO to TM's applies in a very similar way to other (-acceptor ligands. However, there are always some differences/idiosyncracies

Dinitrogen (N2)

Isoelectronic with CO, but not charge-polarised. Much poorer (-donor and (-acceptor than CO.

Can bind in (1-mode as M-N2 but also bridging M-N(N-M

Nitrosyl (NO)

Binds either terminal or bridging as CO. 

Linear M-N-O angle 180-160o  this is formal 3-electron donor

Bridging also 3-electron donor

Bent M-N-O angle 140-120o formal 1-electron donor

Isocyanide (RNC)

Isoelectronic with CO. Generally better (-donor and poorer (-acceptor then CO, but this is a "tunable" ligand. Varying R-group

changes properties, i.e. electron donating R group e.g. CMe3 make for better (-donor, while electron withdrawing R-group e.g. CF3 make for better (-acceptor

(-donor and  (-acceptor properties are synergic

Level-3 Organometallics L5e

Other pi-acceptor ligands

Phosphine/phosphite  PR​3 P(OR)3
Also AsR3 (arsines) SbR3 (stibines) SR2 (thio-ethers)

Generally better (-donor and poorer (-acceptor then CO, but again these are "tunable" ligand. Varying R-group changes properties.

How to separate (-donor and (-acceptor properties ?

Not easy - use ((CO) in compounds such as Mo(CO)3(L)3 as "indicator" of backbonding

L3Mo(CO)3
((CO) cm-1


L = PF3
2055, 2090
L very strong (-acceptor

L = PPh3
1835,  1934


L = pyridine
1746, 1888
L is "pure" (-donor

Note values of ((CO) !!!

Using this, it is possible to "rank" ligands in order of (-acceptor strength

NO > CO > RNC > PF3 > P(OR)3 > PR3
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