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William Zeise in 1825 

Organotransition metal chemistry, CH-509 



1. Life and medicinal Chemistry 

Structure of vitamin B12 was determined by Dorothy Hodgkin, for which she was awarded 
the Nobel Prize in Chemistry in 1964. 

Cobalamine, Vitamin B12 

Technetium[99mTc] sestamibi is used to image the heart muscle 
in nuclear medicine 

Technetium sestamibi 



3. Hydrogenation Reaction  

2. Life and daily use 



5. Alkenes Polymerization Reaction 



Why Organometallic  Chemistry taking the mileage over other…… 

1 

When carbon combines with the transition metal, both the metal and the 
carbon lose their identity. In what way has carbon lost its identity? 



2 

3 

Nucleophilic substitution for an aromatic compound is not possible in classical 
organic chemistry, but if you do this with a transition metal attached to the aromatic 
ring, it is now possible to carry out this simple nucleophilic substitution.  

All know that cyclobutadiene is a rectangular molecule, because if it is square it would 
be anti aromatic. So, it turns out to be equilibrating between 2 rectangles structures 
and when it forms a iron carbonyl complex lone be hold it changes its character, it keeps 
a strictly square structure of 4 carbon atoms. So, you can see that now carbon has lost 
its character of being anti aromatic when it has got 5 n pi electrons. 



4 



5 

Sandwich compounds 

  Heptocity (η)        

(η5)  



Why ORGANOMETALLIC CHEMISTRY is so important? 



1. 1908-----------Ehrlich (Organoarsenic compounds) 

2. 1912-----------Grignard  and Sabatier (Grignard reagents) 

3. 1963----------- Zeigler and Natta (polymerization reaction) 

4.   1973----------- E.O. Fisher and G. Wilkison  (sandwich compounds) 

5.   1976------------W. Lipscomb (boranes illuminating problems of chem. bonding ) 

6.   1979-------------Herbert Brown and G. Wittig (bydroboration reaction) 

7.   1981-------------R. Hoffmann and Fukui (Woodward Hoffmann rule) 

8.   2001-------------Sharpless, Knowles and Noyori  (asymmetric hydrogenation) 

9.  2005-------------Schrock, R.H. Grubba and Chauvin (alkene metathesis) 

10. 2010-------------Suzuki, Heck and Negishi (Pd-catalysed C-C bond formation) 

Noble Prize in Organometallic Chemistry (10) 

The first Nobel Prize in Chemistry was awarded in 1901 to Jacobus Henricus  van 't Hoff, 

The first Nobel Peace Prize was awarded in 1901 to Frédéric Passy and Henry Dunant; 









The Organometallic 
Chemistry of the 
Transition Metals 

R.H. Crabtree Wiley 

Ref. books 

Revolution of air and moisture sensitive to air and moisture stable  

Grignard reagent 



Coordination Chemistry Organometallic  Chemistry 



Chemistry 

Organometallic 
 

Metallo-organic 
 

+ IrCl3 



Definition of Organometallic compounds-------------  

Compound having atleast one 
carbon-metal bond 

covalent bond 

that must be covalent in character 



Though M-C bonds are there----- 
but are they organometallic? 

Sodium cyanide 
 
 
 
Disodium acetylide 
 
 
 
 
Calcium carbide 
 
 
 
 
 
 
Potassium ferrocyanide 

NaH, CaH2 

M-C bond --------but not considered as organometallic compound 



Organic ligand is there but not organometallic compound 



Non-classical organometallic compounds 



Ru(PPh3)3Cl2 

M-P bond 
M-N bond M-N bond 



Linear = 3e donor, bent 1e donor 



Linear = 3e donor, bent 1e donor 



Linear = 3e donor, bent 1e donor 

MO energy diagram of NO 

[Fe(NO)(H2O)5]SO4 



25 

NHC Phosphines 

Neutral donors   Neutral donors     

Stronger σ-donors    Weaker σ-donors  

Sterics  and  electronics can be fine tuned 
independently 

Changing R’s induces  change in both sterics and 
electronics 

Stable towards  oxidizing conditions Can’t be used as ligand of oxidizing complexes 

N-Rs point towards  metal  P-Rs point away  from metal  

Stable against air, moisture and 
temperature  

Not so stable against air, moisture and 
temperature prone to oxidize as phosphine oxide 

NHC vs Phosphine 



1. Compound s  having  H-metal bond 

2. Compound s  having  Carbide-metal bond 

3. Compound s  having  Cyanide-metal bond 

NaH, CaH2 

Na2C2, CaC2 

NaCN, K4[Fe(CN)6] 

These are called "metalorganic compound"  

 Metal β-diketonates, alkoxides, dialkylamides, and metal phosphine  
complexes are representative members of this class 

https://en.wikipedia.org/wiki/Metalorganics
https://en.wikipedia.org/wiki/Metalorganics
https://en.wikipedia.org/wiki/Metalorganics


Ionic Method---------Neutral method 





Ni(CO)4 
Ni = Ni(0)= 10 e 
4 CO         =08e 
--------------------- 
                      18e 
 
                              Ru(PPh3)3Cl2 
Ionic method                                  Neutral method 
 
Ru(II) =     06e   Ru(0)      = 08e 
3PPh3   =  06              3PPh3   =  06e 
2Cl          = 04e                                2Cl          = 02e 
-------------------------------------------------------------------- 
                  16e                                                  16e 



Ni(CO)4 
Ni = Ni(0)= 10 e 
4 CO         =08e 
--------------------- 
                      18e 
 
                              Ru(PPh3)3Cl2 
Ionic method                                  Neutral method 
 
Ru(II) =     06e   Ru(0)      = 08e 
3PPh3   =  06              3PPh3   =  06e 
2Cl          = 04e                                2Cl          = 02e 
-------------------------------------------------------------------- 
                  16e                                                  16e 



                              FeCp2====Ferrocene 
Ionic method                                  Neutral method 
 
Fe(II) =     06e   Fe(0)      = 08e 
2Cp       =  12                                   2Cp       =  10 
-------------------------------------------------------------------- 
                  18e                                                  18e 
                 Ir(CO)(PPh3)2Cl = Vaska’s complex 
Ionic method                                  Neutral method 
Ir(I)         = 08e               Ir(0)         = 09 
CO       =  02e                                    CO           = 02e 
2PPh3   = 4e                                               2PPh3   =  4e 
Cl-          =2e                                                Cl          =   1e 
------------------------------------------------------------------- 
                  16e                                                  16e 



                              CoCp2 

Ionic method                                  Neutral method 
 
Co(II) =                    Co(0)      = 2Cp        
2 Cp =                                     2Cp       =  10 
-------------------------------------------------------------------- 
 

Ni2Cp3 

Ionic method                                  Neutral method 
 
 
------------------------------------------------------------------- 
                   



                              CoCp2====Ferrocene 
Ionic method                                  Neutral method 
 
Co(II) =     06e   Fe(0)      = 08e 
2Cp       =  12                                   2Cp       =  10 
-------------------------------------------------------------------- 
                  18e                                                  18e 
                 Ir(CO)(PPh3)2Cl = Vaska’s complex 
Ionic method                                  Neutral method 
Ir(I)         = 08e               Ir(0)         = 09 
CO       =  02e                                    CO           = 02e 
2PPh3   = 4e                                               2PPh3   =  4e 
Cl-          =2e                                                Cl          =   1e 
------------------------------------------------------------------- 
                  16e                                                  16e 





Would these be organometallic?? 







C=C distance 1.34Å 



Synthesis  of Ferrocene 



3x5 +2x10-1 =34 /2= 17 

Organometallic compounds 



Why Organometallic  Chemistry taking the mileage over other…… 

1 

When carbon combines with the transition metal, both the metal and the 
carbon lose their identity. In what way has carbon lost its identity? 



2 

3 

Nucleophilic substitution for an aromatic compound is not possible in classical 
organic chemistry, but if you do this with a transition metal attached to the aromatic 
ring, it is now possible to carry out this simple nucleophilic substitution.  

All know that cyclobutadiene is a rectangular molecule, because if it is square it would 
be anti aromatic. So, it turns out to be equilibrating between 2 rectangles structures 
and when it forms a iron carbonyl complex lone be hold it changes its character, it keeps 
a strictly square structure of 4 carbon atoms. So, you can see that now carbon has lost 
its character of being anti aromatic when it has got 5 n pi electrons. 



4 



5 

Sandwich compounds 

  Heptocity (η)        

(η5)  





Antiknocking Reagent 





Both C and transition metal loose their identity 





 (Small molecule activation) 



François Auguste Victor Grignard  
(6 May 1871 in Cherbourg– 13 
December 1935 in Lyon was a Nobel 
Prize-winning French chemist in 
1912. 

After attempting to major in mathematics, 
Grignard failed his exams and enlisted into the 
army in 1892. After one year of service, he went 
back to pursue mathematics at the University of 
Lyon and finally obtained his degree in 1894.In 
December of the same year, he transferred to 
chemistry and began working with Professors 
Philippe Barbier(1848-1922) and Louis 
Bouveault(1864-1909). Victor Grignard worked 
very closely with Philippe Barbier and their 
research was focused on organomagnesium 
compounds.  

→1911 Marie Curie (in Chem.), 1903 (in Phys.) 
→1912 Victor Grignard / Paul Sabatier 
→1913 Alfred Werner 

https://en.wikipedia.org/wiki/Marie_Curie
https://en.wikipedia.org/wiki/Marie_Curie
https://en.wikipedia.org/wiki/Paul_Sabatier_(chemist)
https://en.wikipedia.org/wiki/Alfred_Werner
https://en.wikipedia.org/wiki/Alfred_Werner


Grignard reagent 





Wide class of compounds may be prepared  



Ferrocene 





 
Piano stool 

 





1. 

2. 



Tetramethylethylenediamine 

 







Ionic Method--------------------Neutral method 







Carbonyl Chemistry 



Molecular Orbital of CO 

Donor  

acceptor 

-acid ligand 









Metal –carbonyl compounds 

Metal carbonyls are coordination complexes of transition metals with carbon monoxide ligands. 

Compound νCO (cm−1) 

CO 2143 

Ti(CO)6
2− 1748 

V(CO)6
1− 1859 

Cr(CO)6 2000 

Mn(CO)5
+ 2100 

Fe(CO)4
2+ 2204 

Fe(CO)5 2022, 2000 

Ru(CO)5 2038, 2002 





How you will understand terminal or bridging CO ????? 



Al
CH

3

CH
3

Al

CH
3

CH
3

CH
3

CH
3

*Metal alkyls feature a 
metal-carbon σ bond and 
are usually actor ligands--- 
**It can be very useful for 
us to imagine metal alkyls 
essentially as stabilized 
carbanions--- 

sp-Hybridized ligands are the least nucleophilic, followed by sp2 
and sp3 ligands 



Synthesis of Alkyl Complexes 

Simple and straightforward: nucleophile attacks electrophilic metal 

Oxidative ligation for the synthesis of alkyl complexes. Total electron count does not change. 

Oxidative addition for the synthesis of metal alkyl complexes. 



What kinds of metal alkyl complexes violate the 
requirements for beta-hydride elimination? 

The thermodynamics of reductive 
elimination can present problems for 
some alkyl complexes. 

A generalized beta-agostic interaction, 
with a specific example. 

Oxidative addition followed by alpha-elimination, forming a Fischer carbene from an alkyl complex. 





Ti Zr 

Al 


