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Allyl and diene complexes of the transition elements
Preparation, characterization and structure of the sandwich compounds (ferrocene).

Synthetic method of addition and substitution compounds of hydrides
Synthesis, characterization, reactions and applications of groups 1A-111A
Organometallic compounds of elements of main Groups IVA
Preparation, structure, reaction, bonding and IR studies of the metal carbonyls.

Organ transition metal chemistry. Alkyl and alkylidene derivatives. Complexes of alkenes
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Principles of Organometallic Chemistry,
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Latest Edn., Chapman & Hall, N.Y. 1988 (2"%. Edn).
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Chapters included:

Chapter | Topic Sections Included
CH.2 Synthetic method of addition and substitution compounds | 4
of the hydrides
CH.3 Synthesis, characterization , reactions and applications of 1-12
groups 1A-IVA
CH4 Organometallic compounds of elements of main Groups 1-7
IVA
CH.5 Preparation, structure, reaction, bonding and IR studies of | 1-3
the metal carbonyls, Bonding & 18e Vs 16e specie
ch7 Organotransition metal chemistry. Alkyl and alkylidene 1-4
derivatives. Complexes of alkenes and alkynes
ch8 allyl and diene complexes of the transition elements 1-2
CH.9 Preparation and characterization and structure of the 1-6
sandwich compounds (ferrocene).
ch 10 Complexes of arenes 1-3
Applications of organometallic Complexes (homogeneous
catalysis)
Course objectives
No. Course Objectives Example(s) of relevant Recommended Level to satisfy the
(Learning Outcomes) (Topics and activities) objectives
High Medium Low
1 Describe the different | Synthesis,

preparative methods characterization, reactions
of the different
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organometallic
compounds of the
main group elements.

and applications of groups
1A-11A

Apply the different
spectral tools to study
the structure and
bonding in these
compounds.

Spectroscopic Techniques
(NMR, UV-VIS, IR)
Used in characterizing
Organometallic Chemistry

Ilustrate different
synthetic methods of
the different hydrides
of the main group
elements.

— Direct reaction of
alkali/alkaline earth metals
with H: (e.g., NaH, CaH>).
— Reduction of halides
with LiAIH4 or NaBHa4
(e.g., BH;, Ale)

— Hydroboration reactions
to prepare organoboranes.
— Synthesis of ammonia
via Haber process; PHs
from metal phosphides.

— Formation of H>S from
metal sulfides.

— Preparation of hydrogen
halides by direct
combination or
acidification.

— Laboratory synthesis and
IR characterization of M—
H, B-H, Si—H bonds.

Describe the different
preparative methods
of the metal
carbonyls.

— Direct synthesis of Ni(CO),
and Fe(CO)s from metals and
co.

— Carbonylation of metal
halides with reducing
agents.

— Reduction of metal oxides
in CO atmosphere to form
M(CO)s compounds.

— Ligand substitution to
generate carbonyl
complexes.

— Electrochemical synthesis
of low-valent metal
carbonyls.

— Laboratory synthesis and
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IR characterization of metal
carbonyls.

Discuss the different
properties and
reactions of the metal
carbonyls,
organometallic and
hydrides of the main
group elements.

Physical Properties
Chemical Properties

Apply the different
preparative methods
for the preparation of
the sandwich
compounds.

— Direct synthesis: FeCl, + 2
NaC5H5 9 FE(CsHs)z

— Reduction method: CrCl; +
3 NaC5H5 -> CF(C5H5)3

— Redox condensation:
Mo(CO)e + NaCsHs >
CpMo(CO)s

— Electrophilic substitution /
metalation of low-valent
metal carbonyls

— Laboratory synthesis, IR
and NMR characterization,
mechanistic studies of n>-Cp
coordination

Illustrate the different
spectral tools and
physical methods to
study the bonding
structure, bonding and
properties of the
sandwich compounds.

IR and NMR Analysis:

Record *H and 3C NMR
spectra of ferrocene to
observe Cp proton/carbon
equivalence.

Use IR to check metal—
ligand vibrations or CO
ligands in substituted
metallocenes.

Crystallography Study:

Examine X-ray data of
Cp:Fe, Cp2Co to measure
M-C bond lengths and
ring centroids.

Electrochemical
Experiment:
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Determine redox potential
of ferrocene/ferrocenium
couple using cyclic
voltammetry.

UV-Vis & Mass
Spectrometry:

Identify electronic
transitions and confirm
molecular weight of
synthesized sandwich
compounds.

Discuss the
preparation and
characterization of the
metal alkyls and aryls
as well as their
different reactions

Synthesis
Experiment:Preparation
of phenylmagnesium
bromide (Grignard
reagent).

Reaction
Demonstration:

Addition of Grignard
reagent to
aldehydes/ketones to form
alcohols.Characterization
Exercise:Use IR, NMR,
and MS to confirm

structure.

Comparative Study:
Compare the reactivity of
alkyl vs aryl
organometallic
compounds.

Be able to study the
rapid tautomeric
process by NMR.

Keto—enol mixture shows a
single averaged —OH/-CH
signal at high temperature,
Carbonyl carbon signal may
shift due to fast keto—enol
interconversion, Lowering
temperature splits averaged
peaks into distinct keto and
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enol signals,Determines
kinetics of proton transfer in
tautomerism

Be able to discuss
how to stabilize the
unstable ligands.

Fischer carbenes,
Cp2Ti(CHs),, Grignard
reagents, organolithiums

Discuss the uses of the
organometallic
compounds as
catalysts.

Production of aldehydes and
alcohols,Polyethylene,
polypropylene, Fine
chemical synthesis

Fields

Skills
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