
Applications of Inorganic and 
Organometallic Compounds



 Stoichiometric Applications

 Catalytic applications

- reactions involving hydrogen

- reactions involving carbon monoxide

- reactions involving unsaturated hydrocarbons

- other reactions

 Environmental and Biological Applications

 Applications in Materials Science



Sir Edward Frankland 
(18 January 1825 – 9 August 1899)

(born in  Lancaster, England)

“When, on July 28, 1848, Edward Frankland  then a 23-year-old faculty member of 
Queenwood College in Hampshire, England, filled a thick-walled glass tube with finely 
granulated zinc and ethyl iodide and then sealed it, he did not realize that he had set up the 
reaction that would produce the first main-group organometallic compounds, ethylzinc 
iodide and diethylzinc..”
“Frankland devoted only some 15 years of his career to organometallic chemistry.”

D. Seyferth, Organometallics, 20 (2001) 2940-2955.

Organometallic Chemistry



General Periodic Trends of Organometallic Compounds

M+-C-

Group 1: except lithium, ionic compounds

Li, Be, Mg, B, Al: covalent and multi centre (e.g., 2e-3C ) bonds

Group 2-11: M-C bond : σ - bond (e.g., B-CH3)
- bond ((e.g., (CO)5Cr=CH2)
-bond ([R4Re   ReR4]2-)
η-bond (e.g., Cp2Fe)

Lanthanides: M-C bond predominantly ionic

Actinides: M-C bond predominantly covalent

Group 12-16: mainly M-C σ bonds



Reaction patterns of transition metal complexes

 Oxidative addition and reductive elimination reactions

 Insertion

 Transmetallation

 Elimination of - and - hydrogen

 Nucleophilic attack on ligands coordinated transition 

metals



Oxidative additions and reductive elimination reactions
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L3Pd: + X-

- L

Oxidative addition of other molecules : O2, D2, HCl, C2F4, I2, Cl2

SN
2 Reaction : Found in polarized substrates 

such as alkyl, acyl and benzyl halides
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Radical mechanism

Ionic mechanism

Reductive elimination
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1,2 - migratory insertion

+ CO

- CO

Insertion Reaction

Elimination Reaction

 -Cp(CO)LFe(Bun) Cp(CO)Fe(Bun)(     ) Cp(CO)FeH(1-butene) Cp(CO)LFeH + 1 butene-L +L
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Stoichiometric Applications



Organomagnesium compounds

PhMgBr

PhC(OH)Me2

PhCH2OH

PhCH2CH2OH

Ph3COH

PhCOOH

PhH + Mg(OX)Br

PhSO2H

PhCH(OH)Me

MeCHO

HCHO

Me2CO

SO2

CO2

PhCOOEt

CH2 CH2

O

HOX

Victor Grignard
Nobel Prize (1911)



Catalytic  Applications



Reactions involving hydrogen
Hydrogenation reactions
Asymmetric hydrogenation reactions
Dehydrogenation reactions



Hydrogenation reactions
Wilkinson’s catalyst [RhCl(PPh3)3]
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Reductive
Elimination

Isomerization
and
insertion

Addition

Oxidation

16 electron

14 electron

16 electron

L = PPh3

18 electron

Geoffrey Wilkinson
Nobel Prize (1973)

B.P. James, Adv. Organomet. Chem., 17 (1979) 319



Asymmetric hydrogenation reactions

CH2

R

R'
C*

R
CH3

H

R`
chiral catalyst

H2

optically pure product

William S. Knowles
25% Nobel Prize

Retired in 1986 from Monsanto company, St. 
Louis, MO

CH2

OH

O
CH3
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O

H

H2 / RhCl(PMePrPh)3

Hydrogenation of prochiral olefins

Angew. Chem. Int. Ed., 41(2002) 1999

MeO

CH2

O

OH

MeO

CH3

O

OH

H

H2 / Ru catalyst

S- naproxen (97% e e)
Angew. Chem. Int. Ed., 41(2002) 2008

OH

H

OH
H OTi catalyst

Asymmetic epoxidation
Asymmetric -dihydroxylation

Angew. Chem. Int. Ed., 41(2002) 2024
Allyl alcohol R (+) glycidol

(98% ee)

Ryoji Noyori
25% Nobel Prize

Nagoya University,Japan

K. Barry Sharpless
50% Nobel Prize

Scripp’s Institute, La Jolla, California

Nobel Prize 2001



Dehydrogenation reactions

cyclohexene benzene

Pd(OAc)2

NaOAc, AcOH



Reactions involving carbon monoxide
Fischer-Tropsch synthesis
Hydroformylation
Carboxylation
Carbonylation of methanol
Water gas shift reaction



Fischer-Tropsch reaction (1923)

In 1943 Germany produced 585000 tons of products which contained 46% gasoline, 23% 
diesel oil, 3% lubricating oil and 28% waxes

Reductive polymerization of CO

(CH2)n  + n H2O

(CH2)n  + n CO2

n CO + 2n H2

2n CO + n H2

H(CHOH)nHn CO + (n+1) H2

Franz Joseph Emil Fischer
(19 March 1877 -1 December 1947)

Hans Tropsch
(7 Oct. 1889- 8 Oct.1935)

(C. Masters, Adv. Organomet. Chem., 17 (19790 61)

most commonly catalyzed by cobalt supported on alumina, silica or titania 



Cobalt catalysed hydroformylation

CO -CO

HCo(CO)4

HCo(CO)3

RCH2CH2Co(CO)3

RCH2CH2Co(CO)4

RCH2CH2C Co(CO)3

O

RCH2CH2CHO RCH CH2

CO

[Co2(CO)8]

hydrogenolysis 
of Co-acyl

14 electron

1/2

1/2H2
1/2H2

Hydroformylation or ‘OXO’ reactions
Otto Roelen (1938) – effect of alkene on Fisher-Tropsch reaction

Reaction of an olefin with CO and hydrogen

CH CH2R RCH2CH2CHO R CH CH3

CHO

+ CO + H2 +
catalyst



Hydroformylation of C2H4 by [Rh(H)(CO)2(PPh3)2]

Ligand addition to sixteen electron species – 3&7
Ligand substitution – 1
Ligand insertion with in coordination sphere – 2 & 4
Oxidative addition – 5
Reductive elimination - 6

Rh(H)(CO)2(PPh3)2 + C2H4 [Rh(H)(CO)2(PPh3)(C2H4)] + PPh3

[Rh(C2H5)(CO)2(PPh3)][Rh(H)(CO)2(PPh3)(C2H4)]

[Rh(C2H5)(CO)2(PPh3)] + PPh3 [Rh(C2H5)(CO)2(PPh3)2]

[Rh(C2H5)(CO)2(PPh3)2] [Rh(COC2H5)(CO)(PPh3)2]

[Rh(COC2H5)(CO)(PPh3)2] + H2 [Rh(COC2H5)(CO)(PPh3)2(H2)]

[Rh(COC2H5)(CO)(PPh3)2(H2)] [Rh(H)(CO)(PPh3)2] + C2H5CHO

[Rh(H)(CO)(PPh3)2] + CO [Rh(H)(CO)2(PPh3)2]

1.

2.

3.

4.

5.

6.

7.



Carboxylation
REPPE (1940) type reaction – used Ni(CO)4

C C
catalyst

Z = -OH, -OR, -NHR, -NR2, -OOCR`, -SR`

C C

H

+ CO + ZH

ZCO

Carboxylation of olefins in presence of CO and appropriate protic compound

Carbonylation of Methanol

CH3OH  +  CO CH3COOH
catalyst

i) BASF (Germany) (1965) Co(OAc)2/CoI2 680 atm./ 250OC
ii) MONSANTO (USA) (1968) [Rh(CO)2I2]- ~30 atm./ 180OC



Water-gas shift reaction

H2O + CO H2 + CO2

i) Find application in CO removal, hydrogen production and adjustment of 
H2:CO ratio in synthesis gas.

ii) Platinum group metal complexes are used as catalyst



Reactions involving unsaturated hydrocarbons
Ziegler Natta Polymerization 
Olefin metathesis
Cyclisation and linear oligomerization
Co-dimerization of olefins
Isomerization of alkenes
Hydroboration and Hydrosilylation



Ziegler Natta Polymerization

• 2,200,000 tons of polyethylene per year
• 2,900,000 tons of polypropylene per year 
• Polymerization of -olefin by AlR3 and transition metal compounds. 

Reaction is stereospecific.
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Karl Ziegler Giulio Natta

Nobel Prize (1963)



TiCl4 + Et3Al Ti
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Me H Me H

MeOH

CH2=CHMe

-

site for coordination
with alkene

-

complex between -electrons
of alkene and Ti complex

-

bonding between Ti and alkene

-

Ti complex with one propene
unit incorporated into the chain

an empty site ready for coordination
with another propene unit

-

[

]n

Polymer chain
on metal surface

[ ]n
+  Ti(OMe)Cl3

Destruction of the organometallic bond
by a weak acid high-density stereo-regular polymer

Ziegler Natta catalysis

H. Sinn and W. Kaminsky, Adv. Organomet. Chem., 18 (1980) 99



Olefin Metathesis
a b

c d

e f

g h

a e

b f

c g

d h

Yves Chauvin
Institut Français du Pétrole 
Rueil-Malmaison, France

Robert H. Grubbs
California Institute of Technology 

(Caltech), Pasadena, CA, USA

Richard R. Schrock
Massachusetts Institute of 

Technology (MIT) 
Cambridge, MA, USA

Nobel Prize 2005



Isomerization of alkenes

Transition metal compounds bring about double bond migration in hydrocarbons

C CH

R`RCH2

H
CH CH2

R`RCH2

C
H

C
H

C
H2

R`
R

Co(CO)4

HCo(CO)4

CH2 CHCH2OH CH3CH2CHO
Fe(CO)5

via. alkyl cobalt intermediate

via. iron -allyl complex intermediate



Hydroboration

J.S. Speier, Adv. Organomet. Chem, 17 (1979) 407

Ph

O

O

BH

O

O

B

Ph
H2O2

Ph

OH

H
Me

+ catalyst

Hydrosilylation

Cl3SiH CH2 CH2
Cl3SiCH2 CH3+ catalyst

R3SiCH2CHR` CH2 CHR

R3SiH

CHR`

CH2

Pt

CHR`

CH2

Pt

SiR3

H

Pt CH2CH2R`

SiR3

(n+2)+

Ptn+

Herbert C. Brown
Nobel Prize (1979)



Other reactions
Wacker process 

 Carbon-carbon and carbon-hetero atom bond formation

 Dinitrogen complexes (nitrogen fixation)

 Oxidation with tranistion metal dioxygen and peroxy complexes

 CO2 activation

 SO2 complexes

 CH activation

 Epoxidation reactions with ROOH 



Wacker process

J. Smidt et.al., Angew. Chem., 71 (1959) 176
J. Smidt et.al., Angew. Chem., 74 (1962) 93

CH2 CH2 CH3CHOcatalyst
+ 1/2O2

CH3CHO

CH2 CH2

1/2O2 2CuII

2CuI

Pd(II)

Pd(0)H2O

Pd

X

X

O

H

R
Pd

X

X

OR

-HX -HPdX Acetaldehyde (R=H)

Vinylacetate (R=OA)

(R = H or OAc)

- F.C. Philips, Am. Chem. J., 16 (1894) 255
- S.C. Ogburn Jr. and W.C. Brastow, JACS, 55 (1933) 1307



CH2=CHCH2OAc Pd(O) LiNu CH2=CHCH2Nu + Pd(O) + LiOAc[-allylPdL2]
+

PdO = Pd(PPh3)4

X

H

X

H
H

M

H

R

R

I2

R
I2

M

M

H

O

ER H

M

R-

E+

enhanced solvolysis

enhanced acidity

enhanced acidity

enhanced nucleophilic
substitution

steric hindrance

H+(from CF3COOH)

1,3-cyclohexadiene

or

Acylated species

-

Nucleophilic attack on ligands coordinated transition metals



R'

Ar

R

R

R'

R

X

R

R'

ArB(OH)2R'ZnX

Heck coupling

Suzuki couplingNegishi coupling

C-C coupling reactions
Nobel Prize in Chemistry 2010

Carbon-carbon and carbon-hetero atom bond formationCarbon-carbon and carbon-hetero atom bond formation



C-C Coupling reaction

R-OAc   +   CH2E2 RCHE2   +   (BH)OAc

allylacetate active methylene

Pd, catalyst

(E = COOMe)

Base (B)

R-X [BH]X
R`

R

R`
aryl or vinyl halide

Pd, catalyst
Base (B)+ +

R-X XB(OH)2ArB(OH)2 R-Ar

aryl or vinyl halide

Pd, catalyst
+ +

R-X XSnR`3ArSnR`3 R-Ar

aryl or vinyl halide

Pd, catalyst
+ +

Ar-X [H2NR`2]XR`2NH ArNR`2

aryl or vinyl halide

Pd, catalyst
+ +

Tsuji-Trost reaction

Mizoroki-Heck reaction

Miyaura-Suzuki reaction

Stille coupling

Butchwald-Hartwig amination



Carbon-hetero atom bond formation
C-B C-C C-N C-O

C-Si C-P C-S

C-Ge C-Se

C-Sn C-Te

p-MeOC6H4Br + RSH Pd(PPh3)4 p-MeOC6H4SR (R = Ph or Et)

+  R'EH

R'E

RC CH



+  ArEH
Pd(OAc)2 / Pd(PPh3)4

catalytic

anti Morkovnikov type product

double-bond
isomerization 
in some cases

non-catalytic
e.g. /hbase

Morkovnikov type product

EArEAr

ArEEAr EAr

RC CH

EAr

PR3

R3P

Key intermediate 

Beletskaya and Ananikova, Chem. Rev. 111(2011) 1596



+ Ar-E-E-Ar

EAr

Pd(PPh3)4

catalytic

Z (cis) E (trans)

e.g. /hbase

ArEEAr

EAr

non-catalytic

ArE ArE

RC CH

A. Ogawa, et.al., J. Am. Chem. Soc, 113 (1991) 9796
I.P. Beletskaya and V.P. Ananikov, Eur. J. Org. Chem. (2007) 3431

 Arylchalogenides showed good reactivity as against dialkyldichalcogenides

 Only low valent palladium complexes, (e.g. Pd(PPh3)4 showed activity 
while Pd(II) (e.g. PdCl2(PPh3)2, Pd(OAc)2, PdCl2(PhCN)2 complexes are 
inactive

 Active intermediate

EAr

EAr
cis

(trans derivatives are inert)


